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ABSTRACT
Soybean (Glycine max) seedling natural infection caused by
Rhizoctonia solani Kuhn, anastomosis group 1, intraspecific groups IA
and IB (AG1-IA and AG1-IB), causal agents of Rhizoctonia foliar blights
of soybeans, is first reported. Infections were predicted by
2experimental inoculum levels with r =0.77-0.87 (P<0.001).
Twenty locations surveyed in 2 years in south Louisiana showed that 
web blight was the major disease type. Culture characteristics indicated 
that associated isolates were R. solani Kuhn, AG1-IB. Morphogenisis of 
microsclerotia from web blight isolates showed a lateral growth type 
different from the traditionally described loose growth type observed 
for sasakii-type sclerotia, indicating a genetic difference between 
AG1-IB and AG1-IA in R. solani.
Components of Rhizoctonia aerial blight were quantified from 1986 to
1988. Primary infections were high early in the season and significantly 
correlated with average amount of daily rainfall. The establishment of 
disease foci was mainly determined by the rainfall events prior to 
canopy closure. Significant expansion of disease foci occurred only 
after canopy closure. Development of aerial blight is divided into two 
phases related to canopy closure. The first consists of primary 
infection and has a soilborne nature. Variance-to-mean ratios indicated 
that early infection was aggregated, and different cluster sizes were 
determined by paired-quadrat variance. The second phase has a leafborne 
nature and results in disease focus expansion. Factorial experiments 
under controlled conditions showed a strong influence of free moisture 
and plant growth stage on disease focus expansion. Disease focus radius
IX
was a linear function of accumulated free moisture hours. Diseased 
plants/focus and disease incidence were best fitted with circle 
equations. Slopes of equations were proportional to plant growth stage. 
Under field conditions, disease focus expansion was explained well using 
accumulated rain days and soybean growth stages at inoculation as 
predictors. Natural disease incidence late in the season was determined 
by distribution pattern and amount of early infection. Incorporation of 
an aggregation factor into a logistic disease model improved prediction.
X
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Seedling Infection of Soybean Caused by 
Isolates of Rhizoctonia solani Kuhn Anastomosis 
Group-1, Causal Agent of Soybean Foliar Blights
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ABSTRACT
Yang, X.B., Berggren, G.T., and Snow, J.P. 1989. Seedling infection of 
soybean caused by isolates of Rhizoctonia solani Kuhn, anastomosis 
group-1, causal agent of soybean foliar blights. Plant Disease 
74:000-000.
Soybean (Glycine max) seedling infection caused by Rhizoctonia solani 
Kuhn, anastomosis group 1, sasakii and microsclerotia forms, causal 
agents of Rhizoctonia foliar blights of soybeans, is reported. 
Cotyledon, hypocotyl and shoot apex infections were observed. The 
isolates not only infected seedlings of soybean, but also caused aerial 
blight and/or web blight on soybean in both greenhouse and field experi­
ments. Relationships between different inoculum levels and percent
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seedling infection was studied in the greenhouse and the field. The 
relationship between inoculum level and percentage of diseased seedlings 
was best described with quadratic equations with coefficients of deter- 
mination (r ) equal to 0.87 and 0.77 (P<0.001) for two sampling times. 
The pathogen had little effect on the number of seedlings emerging and 
surviving. The relationship between early seedling infections and later 
disease development during the growing season is discussed.
Additional key words: aerial blight, web blight
Rhizoctonia foliar blight of soybean (RFBS) (Glycine max (L.) 
Merrill) is a destructive foliar disease caused mainly by Rhizoctonia 
solani Kuhn, anastomosis group 1 (AG-1). The disease has been been
reported in most tropical soybean production regions including Brazil, 
India, Japan, People's Republic of China, Philippines, Puerto Rico, 
Taiwan, and United States (2,7,9,11,12,14,15). In Louisiana, this 
disease occurs in most soybean production regions and was reported to be 
caused by R. solani AG-1 (11,17). Yield losses due to RFBS up to 30% 
have been reported in commercial fields in Louisiana (8).
The first appearance of the disease during the growing season was 
reported to occur at flowering stage (Rl) (2,5,11,12,13,14,15). Informa­
tion on natural seedling infection caused by R. solani AG1 has not been 
documented though isolates of the pathogen from adult soybean plants 
have been reported to infect seedlings in the greenhouse (3,14,15). 
Verma and Thapliyal (14) suggested that soybean seedlings less than 6 
wks old were resistant to R. solani AG-1 in the greenhouse. Information
4
is not available on the effect of R. solani AG-1 on stand of soybean 
seedling nor on the quantitative relationship between R. solani AG-1 
inoculum and seedling infection in RFBS. This paper presents detailed 
information on natural soybean seedling infection by R. solani AG-1
which had previously been noted (16), and examines the effect of
inoculum level of R. solani AG-1 on soybean seedling emergence and
seedling infection.
MATERIALS AND METHODS
Determination of natural seedling infection. Observations of natural 
soybean seedling infection by R. solani were conducted in fields which 
had a previous history of RFBS at the Louisiana State University Burden 
Research Plantation and the Ben Hur Research Farm, located at Baton 
Rouge, LA. The cultivar 'Davis', which is highly susceptible to R.
solani, was planted at a row spacing of 75 cm. Apparently-infected 
soybean seedlings were collected 8 to 16 days after planting. Diseased 
tissues were cut into 1-cm pieces and placed in 10% sodium hypochlorite 
(Clorox) for 10 min and then transferred to 2% water agar (WA) and 
stored at room temperature (22-26C). Fungal colonies were examined with 
a light microscope at 160X after 48 h.
Two isolates of R. solani from each field were used to determine 
anastomosis grouping and to reproduce seedling infection and foliar 
blight symptoms. Field isolates were paired with a known R. solani AG-1 
isolate using the technique described by Anderson (1). For each test 
isolate, three microscope slides were made for pairing and each slide 
was placed in a 9-cm culture plate and stored for 24 to 36 h at room 
temperature. To determine if anastomosis occurred, the hyphae were
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examined with a light microscope at 160X when the advancing hyphae of 
test isolates made contact and slightly overlapped. To reproduce seed­
ling infection, isolates were transferred to potato dextrose agar (PDA) 
in 10-cm diameter plastic culture dishes and stored for 1 wk at room 
temperature. Cultures then were macerated in a blender (Model 700B, 
Waring Products Corp, Winsted, Conn.) and mixed with sandy-loam soil at 
a ratio of half of a PDA plate (10-cm diameter) culture per 1000 ml soil 
in a 12-cm-diameter clay pot. Ten soybean seeds of the cultivar 'Davis' 
were planted per pot. After symptoms appeared, the pathogen was isolated 
from the seedlings. In 1987, an experiment to reproduce foliar blight 
symptoms was conducted in a greenhouse. The macerated culture was 
stirred into suspension and sprayed onto the foliage of soybean plants 
at growth stage V8 (5). Inoculated plants were placed into moisture- 
controlled chambers. Each chamber was supplied with 100% relative 
humidity for 1 wk with a humidifier (Handscraff, Gerber Products Compa­
ny, Reedsburg, Wl). A known isolate of R. solani AG-1 (obtained from 
E.E. Butler, Department of Plant Pathology, University of California, 
Davis) was used as a control to compare symptoms resulting from inocula­
tion with those symptoms caused by the isolates from seedlings.
In 1988, the experiment to reproduce foliar blight with isolates 
obtained from infected seedlings was conducted in a field with no known 
previous history of RFBS. Soybean cultivar 'Davis' was planted in 3 x 3 
m plots at a row spacing of 25 cm. At growth stage VI2, plants in five 
plots were inoculated with an aerial blight isolate and a web blight 
isolate. Symptoms resulting from inoculation with isolates from 
seedlings were then compared with those caused by the aerial blight and 
web blight isolates 2 wks after inoculation.
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Effect of inoculum level on seedling infection. Experiments were 
conducted twice in the greenhouse and once in the field. An isolate of 
R. solani AG-1, which was obtained from seedlings and produced only 
sasakii-type sclerotia both on plants and WA, was used. Sterilized rice 
in 0.8-liter jars was inoculated with the isolate. Jars then were kept 
at room temperature for 1 month. Sandy-loam soil from a field having no 
history of RFBS was autoclaved at 120 C with 1056 g/cm pressure for 1 
hr. Sterile soil was mixed with the R. solani rice medium at a ratio of 
5:1 (volsvol), to form an infested "seed-soil" mixture. The 
infested-soil then was mixed with sterile soil at ratios of 0:8, 1:8, 
2:8, and A:8, forming four treatments. To have a uniform amount of rice 
hulls in all treatments, additional sterile rice hulls were added to the 
first three treatments. Each soil treatment was stirred for 15 min and 
then placed into 12 30-cm-diameter clay pots. Twenty seeds in the first 
experiment and 1A seeds in the second experiment were placed in each pot 
and covered with 3-A cm of infested soil. Pots were placed on three 
benches in the greenhouse with four pots from each treatment per bench.
Microplots (1 m ) were established in a field from which soil for 
the greenhouse experiments was taken. Each microplot was surrounded by 
wooden barriers placed 6-cm-deep in the soil and 5-cm above ground. A 
completely randomized block design using four inoculum levels with three 
replications of each level was used. On 1 June 1987, seed-soil infested 
with R. solani as described above (1:5, vol:vol) was added to plots at 
levels of 0, 1000, 2000, and A000 cc per plot. Additional rice hulls 
were added to the first three treatments so that each treatment 
contained equal amounts, and the inoculum was mixed into the top 10 cm 
of soil. Fourteen seeds per row were planted at a depth 3-A cm with four
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rows per microplot at row spacing 20 cm.
Fifty grams of soil were collected from each pot in the greenhouse 
or from each row in field microplots at planting time. Four test samples 
were formed by randomly bulking the 12 individual pot/row sample from 
each treatment into four parts. The density of R. solani propagules was 
assessed using a selective medium and procedure of Ko and Hora (10).
The number of emerged seedlings per pot or per row was counted on 
day 1-4, 7 and 12. Seedling emergence was defined as the appearance of 
the cotyledon above the soil. The number of diseased seedlings in each 
pot/row was counted at 7 and 12 days. The relationship between number of 
diseased plants on each date and concentration of inoculum was fitted to 
a quadratic equation. Regression results were judged by the criteria 
coefficients of determination (r ) and by residual plot inspections.
RESULTS
Determination of natural seedling infection. R_̂  solani was isolated 
from diseased soybean seedlings in all sampled fields (Table 1). Dis­
eased seedlings were found as early as 8 days after planting in 1987. In 
1988, isolates producing microsclerotia on water agar were obtained from 
Ben Hur and Burden. Anastomosis tests confirmed all isolates as AG-1 
(Table 1).
Some natural infections were characterized by lesions on the adaxial 
surface of cotyledons (Fig. 1A). Occasionally, mycelial strands were 
formed between the two cotyledons. Infection of shoot apices also was 
observed (Fig. 1C). Shoot apex infections stopped further growth of 
seedlings and resulted in stunted seedlings (Fig. 1C and ID). Mycelial 
strands were produced from stunted seedlings (Fig. ID) and attached to
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neighboring plants when rainfall occurred continuously for 2-3 days. 
Infected cotyledons usually were attached to the stems by mycelium and 
remained on the plants up to growth stage V5. Symptoms on hypocotyls or 
stems appeared as reddish-brown, dry, decay of tissue at the soil line 
(Fig. IB). Lesions extended up and down the stem as the plant grew. 
Lesions on stems were dry even though the soil was wet. No damping-off 
was observed under field or greenhouse conditions.
In the greenhouse, seeds inoculated with isolates obtained from 
seedlings in the fields produced seedlings with symptoms similar to 
those observed in the fields (Table 1). Inoculation of mature plants in 
the greenhouse with the same isolates resulted in water-soaked leaflets 
and mycelial bridges between leaves and/or plants. The symptoms were 
identical to those caused by the known isolate of R. solani AG-1. In 
1988, plants inoculated at growth stage V12 in the field with AG-l-IA 
isolates from seedlings had aerial blight symptoms. Inoculation with 
AG-1 isolates which formed microsclerotia on water agar produced web 
blight symptoms on the plants (Table 1). Symptoms on plants inoculated 
with known aerial blight or web blight isolates were similar to those 
inoculated with isolates from the field.
Relationship between inoculum concentration and infection levels. No 
significant (P=0.05) differences were detected in number of seedlings 
emerging at four different inoculum levels (Fig. 2). Differences in the 
effects of inoculum level on the percentage of infected seedlings were 
observed at day 7 when 70% of the seedlings had emerged (Table 2). The 
relationship between percent of diseased plants to inoculum concentra­
tion was best fitted with a quadratic equation. By combining the three 
data sets, models Y=-0.637+0.105X-0.0005X2 (R2=0.866, P=0.0001) for the
9
first observation (day 7) and Y=3.168+0.116X-0.0006X^ (R^=0.765,
P=0.0009) for the second observation (day 12) were obtained.
DISCUSSION
Our report is the first evidence of seedling infection of soybean 
caused by R. solani AG-1 under natural conditions. Isolates from infect­
ed soybean seedlings produced soybean foliar blights. Although regres­
sion between number of infected seedlings and inoculum level of R. 
solani AG-1 was significant, the pathogen did not cause damping-off of 
soybean seedlings and the number of soybean seedlings was not affected.
Seedling infection by the web blight causal agent, R. solani AG-1, 
has been reported on dry bean and lima bean (4,6). The reddish-brown 
lesions observed on cotyledons and hypocotyls of soybean are similar to 
the symptoms of seedling infection by R. solani AG-1 on lima bean (4). 
However, shoot apex infections which result in stunting of seedlings was 
not previously described on other beans (4,6).
Field observations suggest that there may be a relationship between 
seedling infection and foliar blights development. Infected cotyledons 
adhered to stems by mycelial bridges untill soybean growth stages V4-V5. 
Cotyledons on the healthy plants dropped at approximately stage VI. 
Cotyledons of seedlings stunted as a result of infections usually 
remained green until the V5 growth stage (5). When free moisture oc­
curred in the field for an extended period, abundant mycelium frequently 
was produced on stunted plants, which attached to neighboring plants 
causing new infections.
Rhizoctonia spp. are considered ecologically specific and isolates 
causing stem rot and root rot on soybean may not cause RFBS (12). There
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is a symptom difference between previously described Rhizoctonia root 
rot or stem rot due to damping-off (12) and the seedling infection we 
observed. Root rot or stem rot causes water-soaked lesions on roots or 
stems and sometimes may result in a 50% reduction in soybean seedling 
stand (12). We observed neither damping-off of seedlings nor 
water-soaked lesions on the stems of seedlings. Lesions on stems were 
restricted to dry cankers at the soil line. The pathogen did not affect 
the number of soybean seedlings though there is a significant relation­
ship between percent diseased seedlings and inoculum levels of R. solani 
AG-1.
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Table 1: Isolation of R. solani from field grown soybean seedlings, and 
















8 Burden, field 3 9 6 + + *
8 Ben Hur 10 6 + + - -
9 Burden, field 2 14 10 + + - -
10 Burden, field 1 10 5 + +
’ 10 Burden, field 3 4 3 + + Y
11 Ben Hur 14 11 + + Y
12 Burden, field 2 2 2 + + Y
13 Burden, field 1 7 3 + + Y
1988
9 Burden, field 2 15 “7/ + + Y
11 Burden, field 1 10 H 6 + + Y13 Burden, field 1 15 (m) 11 + + Y
14 Burden, field 1 5 3 + + Y
14 Ben Hur 15 (m) 10 + + Y
16 Burden, field 1 16 (m) 12 + + Y
a Days after planting.
= infection occurred, 
k Y = anastomosis occurred.
Q Microsclerotia were isolated, 
test was not conducted.
Table 2: Percentage (%) of diseased plants per pot or per row 
with four different inoculum levels of R. solani AG-1 




EXP. lb Days after planting
7 12
0 + 0 0 + 0 0.0 + 0.00
280 + 30 23.42 + 4.99 42.77 + 10.29
518 + 42 37.82 + 11.25 41.00 + 4.23
1150 + 57 37.50 + 5.35 41.75 + 4.50
EXP. 2 7 12
0 + 0 0 + 0 0.0 + 0.00
260 + 65 34.50 + 5.50 49.20 + 9.00““
637 + 72 50.50 + 12.67 67.30 + 15.38
1244 + 120 62.27 + 18.00 78.23 + 16.00
EXP. 3 7 12
10 + 2 0.0 + 0.0 1.54 + 0.45
269 + 45 10.11 + 5.06 16.82 + 9.89
680 + 56 56.10 + 7.78 44.45 + 3.34
1386 + 150 53.11 + 10.1 57.60 + 16.1
LSD_ for combined data = 14.4.U. 05
b Experiments 1 and 2 were conducted in the greenhouse and 
experiment 3 was conducted in the field.
Fig. 1. Symptoms of seedling infection caused by R. solani AG-1 in 
soybean. (A) lesion on cytoledons with a sclerotium at center of lesion, 
(B) lesion on hypocotyl at the soil level showing two sclerotia, (C) 























D ays After P lanting
Fig. 2. Means of emerged seedlings per pot (Exps. 1 and 2) or per row 
(Exp. 3) at four different levels of R. solani inoculum (propagules/1000 
g soil) in three experiments. LSD(0.05) for all sampling times were 1.8, 
2.5, and 2.1 for experiment 1, 2, and 3, respectively.
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Yang, X.B., Berggren, G.T. and Snow, J.P. 1989. Soybean Rhizoctonia 
foliar blight types in Louisiana. Plant Disease: 73:000-000
Twenty locations in south Louisiana were surveyed in 1987 and 1988 to 
determine the etiology of Rhizoctonia foliar blights of soybean. Web 
blight [Rhizoctonia solani Kuhn, anastomosis group 1, IB intraspecific 
group (AG-l-IB)] was the major type in Louisiana in both years. Aerial 
blight caused by R. solani, AG-1, IA intraspecific group (AG-l-IA) and 
previously considered the only type in the state, was also found. 
Culture characterization on potato dextrose agar showed that the web 
blight isolates in Louisiana were Sherwood's type 1 or AG-l-IB. No 
isolate of AG-l-IC was found. The isolates of IB intraspecific group 
produced microsclerotia on water agar but not on PDA. Low numbers of 
microsclerotia were produced by R. solani AG-l-IB on plants at both 
early and late soybean growth stages. Maximum microsclerotia production
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in the field occurred during late July through August. The sexual stage 
of the pathogen also was observed during late July and August.
Rhizoctonia foliar blight of soybean (RFBS) caused by Rhizoctonia 
solani Kuhn, anastomosis group one (AG-1), is an important disease in 
tropical regions of the world. In the United States, the disease occurs 
in Louisiana and other southern states (1A).
In the fields, the disease and its causal agent can be readily 
identified by the disease sign. Based on the symptoms of the diseases, 
RFBS has been divided into two types, aerial blight caused by R. solani 
AG-1, IA intraspecific group (= Sherwood's type 2) (13), and web blight 
caused by R. solani, AG-1, IB and IC intraspecific groups (equal to 
Sherwood type 1 and 3) (10,13). Aerial blight is characterized by the 
production of sasakii-type sclerotia on diseased tissues. The pathogen 
spreads in the canopy by means of mycelial bridges between leaves (8). 
Web blight is characterized by the production of abundant microsclerotia 
on diseased tissues during the growing season. The microsclerotia 
function as the airborne propagules causing secondary infection
(2.6.17). Disease foci have a large number of diseased leaves with small 
circular lesions and microsclerotia (18).
Classification of different RFBS types in Louisiana has been incon­
sistent. Atkins and Lewis (2) first reported that the disease in the 
state was caused by R. microsclerotia ( = R. solani ) with symptoms 
characterized by abundant microsclerotia on diseased tissues. The 
pathogen fit Weber's description of the causal agent of bean web blight
(2.17). A survey conducted in 1974 and 1975 in Louisiana concluded that
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Rhizoctonia foliar blight was the aerial blight type characterized by 
the production of sasakii-type sclerotia on diseased tissues or in 
culture (11). Joye (8) reported the occurrence of web blight in 1985, 
but no effort was made to determine the prevalence or distribution of 
disease types.
Differences in pathogenicity occur between the two types of foliar 
blights (4,10) and, therefore, different research approaches are re­
quired to study the different blights. Furthermore, of the two 
intraspecific groups, IB and IC, it is not clear which is the causal 
agent of soybean web blight in Louisiana. It is necessary, therefore, to 
clarify the type and the causal agents of Rhizoctonia foliar blights in 
Louisiana.
MATERIALS AND METHODS
Surveys were conducted during July and August in 1987 and 1988. 
Twenty locations in south Louisiana where soybean is a major crop and 
Rhizoctonia foliar blight is severe were surveyed (Fig. 1). At each 
location, one to three commercial fields were sampled.
In each field, 20 disease foci in 1987 and 10 disease foci in 1988 
were observed. Because web blight can be readily identified by the 
presence of microsclerotia on the diseased tissues, a disease focus was 
identified as web blight if microsclerotia were observed on the plants. 
If no microsclerotia were found on the diseased tissues and only 
sasakii-type sclerotia were observed, tissues was brought to the labora­
tory for isolation and identification.
Morphological identification was conducted following with the 
description of R. solani (12). Anastomosis tests were conducted
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following the procedure reviewed by Anderson (1). If an isolate 
anastomosed with a known R. solani AG-1 and had culture characteristics 
on potato dextrose agar (PDA) fitting Sherwood's type 1 or 3, and 
produced microsclerotia on 2% water agar (WA) (A), it was identified as 
the web blight pathogen. If the isolate did not produce microsclerotia 
and had a culture characterization fitting Sherwood's type 2, the causal 
agent was considered to be aerial blight pathogen. If all disease foci 
were identified as web blight, diseased tissues were sampled for 
anastomosis test with a known R. solani AG-1 isolate and for identifica­
tion of potato dextrose agar (PDA) culture (12,13). The frequency of web 
blight and aerial blight in each field was calculated by dividing the 
number of disease foci of each type by the total number of disease foci 
observed.
Disease incidence in each surveyed field was determined from obser­
vation of 10 or 20 plants at random, and dividing the number of diseased 
plants by the total plants sampled.
To determine when microsclerotia were present during the season, two
2web blight infested fields, each 1600 m , were progressively surveyed.
One field was located at the Ben Hur Research Farm and the other at the
Burden Research Plantation, Baton Rouge, LA. The cultivar 'Davis' was
planted on May 30 at Ben Hur and June 6 at Burden in 1987, and May 23
2and 27 at Ben Hur and at Burden in 1988, respectively. Thirty 1 m plots 
were selected at random in each field. Appearance of microsclerotia in 
these plots was monitored at 15 day intervals. For each observation 
time, the percentage of plots with microsclerotia in each field was 
calculated by dividing the number of plots with microsclerotia by the 
total number of plots with diseased plants in the field. In addition, if
22
no microsclerotia were observed in these two fields after late Septem­
ber, 20 diseased plants were collected from each of the two fields to 
determine using the techniques described above if the diseased plants in 
the fields were infected by the web blight or aerial blight organism.
RESULTS
The surveys included locations in southern Louisiana where foliar 
blight is prevalent (8) (Fig. 1). Of the 20 locations surveyed, eight 
were surveyed both years. Soybean cultivars planted in these areas 
included Davis, Hartz 7126, Asgrow 5980, and Forrest. All isolates 
identified in samples from these locations were R. solani, AG-1. Mor­
phology of isolates on PDA was similar to the description of Sherwood's 
type 1 and 2 (= Subgroup IB and IA) (13). No isolates fitting Sherwood's 
type 3 were observed. Isolates from tissues with microsclerotia produced 
abundant microsclerotia and a few sasakii-type sclerotia on WA (Fig. 
2D). Numbers of microsclerotia produced by these isolates on WA were 
greatly reduced after subculturing from hyphal tips. On PDA, isolates of 
AG-l-IB produced only sasakii-type sclerotia. Isolates of AG-l-IA 
produced only typical sasakii-type sclerotia on PDA and WA.
Survey results are shown in Table 1. In 1987, among the 24 fields 
surveyed, plants in 12 fields were infected only with the web blight 
pathogen, plants in 2 fields were infected only with the aerial blight 
organism, and both pathogens were present in 10 fields. In 1988, of the 
31 fields, plants in 15 fields were infected with web blight, four 
fields had only R. solani AG-l-IA and 12 fields had both types of 
blights. Of the total 55 fields surveyed at 20 locations, 49, 11, and 
40% contained plants infected by R. solani AG-l-IB only, R. solani
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AG-l-IA only or both, respectively. In fields with both types of foliar 
blight, often the percentage of disease foci with web blight was greater 
than that with aerial blight. Rhizoctonia web blight of soybean was more 
frequently observed in Louisiana during 1987 and 1988.
Symptoms of web blight in the surveyed fields were similar to those 
previously described by Atkins and Lewis (2). Abundant sand-like 
microsclerotia were seen on soybean leaflets and petioles (Figs. 2A, 
2B), especially on the tissues which were severely water-soaked or 
blighted (Fig. 2A). Leafspots were usually on the severely infected 
plants on which microsclerotia were produced. Lesions usually resulted 
in a "shot hole" effect when weather was unfavorable for disease 
development (Fig. 2C). On plants infected with the web blight pathogen, 
sasakii-type sclerotia were also formed. On plants with aerial blight, 
leaf blight and defoliation were the major symptoms. Distinct leafspots 
were not observed on leaves of the severely infected plants. The disease 
was usually restricted to development within the canopy. Numerous 
sasakii-type sclerotia were produced on diseased plants.
Hymenia frequently were seen at the base of diseased plants from 
late July to the end of August. Laboratory examination of the hymenia 
showed that the basidial morphology fitted description of Thanatephours 
cucumeris. The basidial stage was usually observed following periods of 
rainfall. The frequency of observation of microsclerotia in diseased 
plots during the season is given in Fig. 3. Microsclerotia were not 
observed on diseased tissues before mid-June (growth stage V5) (5).
During both seasons, the maximum microsclerotia production occurred 
during August. The production of microsclerotia appeared to be closely 
associated with the occurrence of the sexual stage. Hymenia and
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microsclerotia, were seen on severely-infected plants during August. The 
percentage of diseased plots with microsclerotia declined by the end of 
August and microsclerotia were not seen in the field after mid-September 
(Fig. 3). In contrast, sasakii-type sclerotia were formed later in the 
season on plants previously showing the sign of web blight. Further 
isolation from these diseased plants produced microsclerotia of R. 
solani on WA, indicating that these tissues were infected by the web 
blight pathogen.
DISCUSSION
Both Rhizoctonia aerial blight and web blight occurred in Louisiana 
during 1987 and 1988. The more frequently observed type during the two 
years was web blight. The causal agent of web blight in Louisiana was 
identified as R. solani AG-1, IB intraspecific group, or Sherwood's type 
1.
O'Neill et al. reported only aerial blight caused by R. solani AG-1 
sasakii-type form (equal to R. solani AG-1 IA intraspecific group or 
Sherwood's type 2) (11). However, the frequency of R. solani strains in 
Louisiana may have changed during the past 10 years. The pathogen 
causing web blight infects pods of plants (7,8) with 5% diseased seeds 
has been recorded (7). The seedborne nature may increase the web blight 
strain in a region. Web blight also has a soilborne nature (6), and this 
could help in the establishment of the pathogen in new fields after 
introduction. During the growing season, the airborne nature of 
microsclerotia (6,17) may provide a means for the pathogen to quickly 
spread and increase in a field. Another possible reason for differences 
in findings between studies may be that changes in cultivation of
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soybean encouraged the expression of web blight. A third reason for 
differences in our observations may be a difference in the sampling 
time. Our results indicated that there was a narrow period for the 
maximum production of microsclerotia. The frequency of microsclerotial 
occurrence was low early and late in the season (Fig. 3). The optimum 
time to observe microsclerotia in Louisiana is at the end of July and in 
August, when soybeans are in growth stage V12-R2 (5) and Rhizoctonia 
foliar blight quickly develops in association with frequent rainfall 
(8). Finally, our results and Exner's (4) have indicated that the web 
blight pathogen produced microsclerotia on WA but not on PDA.
The sexual stage of R. solani has not been reported on soybean in 
Louisiana since 1954 (2). Our observations indicated that the occurrence 
of the sexual stage of Rhizoctonia on soybean is not rare in Louisiana. 
Sampling time appears to be the key to detect the presence of the sexual 
stage. The most frequent period of survey observation was during August, 
especially after frequent rainfalls. Basidiospore infection has been 
reported in bean web blight (3,6), but the importance of basidiospores 
to the epidemics of soybean web blight has not been established.
Our study was based on the assumption that in R. solani AG-1, there 
are three intraspecific groups: the IB, IA, and IC intraspecific group 
(10). Cultures of isolates of the orgnism done for this study showed 
only AG-l-IA and AG-l-IB (Sherwood's type 2 and 1) in Louisiana (13). 
The two intraspecific groups are classified primarily based on the 
pathogenicity of causal agents, the disease sign, and the cultural 
characterization of isolates on PDA. Recent work on DNA hybridization 
among R. solani anastomosis groups has indicated the possibility of 
genetic differences between AG-l-IA and AG-l-IB (9,16). Differences
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between microsclerotia and sasakii-type sclerotia in type of initiation 
and development were reported (19). Further work to clarify the genetic 
relationship between the two incidants of foliar blight is needed.
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Table 1. Percentage of Rhizoctonia aerial blight and web blight of
soybean at different locations in Louisiana during 1987 and 1988
Location FieldNo.
Aerial Blight(%) WebBlight(%) DiseaseIncidence(%)
1987
Burden 1 50 50 252 55 45 153 0 100 40Ben Hur 1 15 85 552 15 85 5Perkins Rd. Farm 1 70 30 35Sunshine 1 80 20 302 100 0 83 80 20 5Lake Arthur 1 0 100 702 0 100 203 0 100 10Cameron 1 0 100 152 0 100 20Gueydan 1 0 100 30Spencer 1 100 0 65
Crowley 1 0 100 52 0 100 20- Lakeland 1 10 90 202 0 100 1003 0 100 10
Morrow 1 40 60 52 0 100 10Waxia 1 5 95 10
1988Ben Hur 1 0 100 602 0 100 20Burden 1 20 80 252 25 75 35Lake Arthur 1 0 100 402 0 100 20Cameron 1 0 100 102 0 100 10
Wright 1 100 0 20
Crowley 1 100 0 52 50 50 103 0 100 25East Crowley 1 30 70 10Burnside 1 0 100 5
2 100 0 103 0 100 10
Gonzales 1 40 60 302 0 100 20St. Gabriel 1 0 100 25
2 0 100 603 0 100 60Sunshine 1 0 100 152 40 60 5Maringouin 1 30 70 15Morrow 1 0 100 52 60 40 10
Willow Glen 1 100 0 5Sherburne 1 0 100 10
2 20 80 10Lakeland 1 40 60 10
a Disease incidence was obtained by dividing number of diseased plants
with total plants sampled (n=20 for 1987, n=10 for 1988).
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Fig. 1. Locations surveyed (dots) during 1987 and 1988 in Louisiana. 
Shaded areas are parishes where Rhizoctonia foliar blight of soybean has 
been reported.
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Fig. 2. Web blight symptoms. (A) Microsclerotia on diseased leaf, 
showing blight symptom; (B) Microsclerotia on a soybean petiole; (C) 
Microsclerotia and "shot hole" symptom on soybean leaf; (D) Production 
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Fig. 3. Frequency of diseased plots with microsclerotia during the 1987 
and 1988 growing seasons at Ben Hur Research Farm and Burden Research 
Plantation, Baton Rouge, Louisiana.
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Morphogenesis of Microsclerotia and Sasakii-type 
Sclerotia in Rhizoctonia solani KUHN, Anastomosis Group One 
Intraspecific Group IA and IB
X. B. YANG, J.P. SNOW and G.T. BERGGREN
Department of Plant Pathology and Crop Physiology, Louisiana Agricultur­
al Experimental Station, Louisiana State University Agricultural Center, 
Baton Rouge, LA 70803, U.S.A.
Soybean plants with Rhizoctonia web blight (Rhizoctonia solani Kuhn, 
anastomosis group 1) were collected from fields in Louisiana. 
Microsclerotia were isolated from diseased tissues and cultured on 2% 
water agar. Initiation and development of microsclerotia are described 
using light and scanning electron microscope techniques. A lateral 
growth type of development was observed for microsclerotia which was 
different from the loose growth type observed for sasakii-type 
sclerotia. Microsclerotia arose vertically from bud-like growing points 
out of main hyphae. The growing point stopped developing vertically 
after differentiating seven or eight levels of lateral side branches. 
These branches became continuously interwoven until the sclerotia 
reached full size. One growing point from one main hypha was involved in 
the formation of a single microsclerotium. The relationship between 
microsclerotia and sasakii-type sclerotia is discussed.
Keywords: aerial blight, web blight, Rhizoctonia solani, sclerotia.
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In 1917, Matz (1917) described Rhizoctonia microsclerotia Matz as a 
species which produced abundant spherical sclerotia with a diameter of 
0.2 to 0.5 mm . Weber (1939) described the perfect stage for what he 
believed was R. microsclerotia as Corticium microsclerotia. In 1953, 
Exner (1953) compared isolates of Rhizoctonia, with a wide variation and 
overlap in cultural characteristics and pathogenicity, including those 
described as the species R. solani, R. microsclerotia and C. 
microsclerotia. Exner (1953) concluded that C. microsclerotia more 
closely resembled Matzs1 R. dimorpha than R. microsclerotia and that 
there was no satisfactory basis for recognizing C. microsclerotia as a 
species, but described the isolates resembling C. microsclerotia as a 
forma of Pellicularia filamentosa ( = Thanatephorus cucumeris) (Exner, 
1953). Although type cultures were not available in 1970, Parmeter and 
Whitney (1970) considered R. microsclerotia (including C. microsclerotia 
Weber and R. microsclerotia Matz) to be identifiable because of consen­
sus among workers. Parmeter and Whitney (1970) precluded the separation 
of R. solani from R. microsclerotia by the phenomenon of anastomosis and 
considered R. microsclerotia as synonymous with R. solani in Anastomosis 
Group 1 (AG-1) (Parmeter & Whitney, 1970). By comparing morphology and 
physiology of isolates of T. cucumeris, Sherwood (1969) classified R. 
solani AG-1 into three types and considered the isolates of R. 
microsclerotia to be in type I. Based on morphology and pathogenicity, 
Ogoshi suggested that the isolates in AG-1 be divided into the web 
blight intraspecific group (IB), sheath blight intraspecific group (IA) 
and IC intraspecific group, corresponding to Sherwood's type 2, 1 and 3, 
respectively (Sherwood, 1969; Ogoshi & Ui, 1983,; Ogoshi, 1987).
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Of the three intraspecific groups, IA and IB have been reported to 
cause important diseases on rice and soybean in Louisiana (Atkins & 
Lewis, 1954; O'Neill et al., 1977; Yang, Snow & Berggren 1988a). But no 
important disease caused by IC intraspecific group has been reported in 
this state. Isolates of the IB intraspecific group cause web blight on 
leguminous crops and are pathogenic on rice producing different symptoms 
from the IA isolates (Ogoshi, 1987). The IA intraspecific group isolates 
cause rice sheath blight and soybean aerial blight (O'Neill et al., 
1977) but not as aggressively as the IB intraspecific group on soybean 
(Yang et al. 1988a). Yang et al., (1988a) observed that isolates of the 
IA intraspecific group produce only sasakii-type sclerotia on diseased 
soybean plants, while isolates of the IB intraspecific group produce 
mainly microsclerotia and occasionally sasakii-type sclerotia on dis­
eased plants. Currently, difference between microsclerotia and 
sasakii-type sclerotia in R. solani is only considered to be the size. 
The nature of size difference between microsclerotia and sasakii-type 
sclerotia is still unknown.
The growth of sclerotia has been divided into three types (Butler, 
1966; Townsend & Willetts, 1954; Willetts, 1972). The loose type of 
growth has no definit pattern of organization of hyphae, and is formed 
from an initial regular branching of the mycelium. The initiation of 
growth is followed by intercalary septation and hyphal swelling. The 
terminal type sclerotium is formed from a well defined pattern of 
branching at the tip of a hypha or tips of closely-associated hyphae. 
Abundant branching at the hyphal tip forms a condensed terminal growth 
or knot of hyphae which forms the sclerotium. In the lateral type, 
sclerotia are formed by interweaving of numerous side branches or
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branches forming on single bud-like outgrowths on main hyphae. There­
fore, sclerotia are in the lateral position relative to the main hyphae. 
Traditionally, sclerotia of R. solani have been considered to be of the 
loose type (Butler & Bracker, 1970; Butler, 1966; Chet & Henis, 1975; 
Townsend & Willetts, 1954; Willetts, 1972). The lateral growth type of 
microsclerotia of R. solani AG-1 has been recently reported (Yang, 
Berggren & Snow 1988b). The initiation and development of microsclerotia 
of R. solani has not been documented, and studies on the differences in 
development between microsclerotia and sasakii-type sclerotia have not 
been reported. Because sclerotial type is a major morphological differ­
ence between IA and IB intraspecific groups, and the relationship of the 
sheath blight to web blight isolates needs clarification (Anderson, 
1982), understanding of the sclerotial differences between 
microsclerotia and sasakii-type sclerotia is essential to an understand­
ing of the relationships between the causal agents of web blight, aerial 
blight and sheath blight. This paper describes and compares the initia­
tion and development of microsclerotia and sasakii-type sclerotia formed 
by isolates of R. solani AG-1 intraspecific group IB and IA.
MATERIALS & METHODS
Diseased tissues from the soybean (Glycine max (L.) Merrill) plants 
with a layer of microsclerotia (Fig. 1) were collected at the Burden 
Research Plantation and Ben Hur Research Farm (Baton Rouge, LA), 
Cameron, Lake Arthur, Lakeland, Waxia, Crowley, Gonzales and St. 
Gabriel, Louisiana during Aug., 1987-1988. Cultivars planted in these 
locations included Davis and Hartz 7126. Rhizoctonia solani was isolated 
from leaf tissues collected at each location. Two isolates
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(RS465-donated by E.E. Butler, Department of Plant Pathology, University 
of California, Davis and RS7-provided by M.C. Rush, Department of Plant 
Pathology and Crop Physiology, Louisiana State University, Baton Rouge) 
which had been previously identified as R. solani AG-1, IA intraspecific 
group, were used for observation of sasakii-type sclerotium development 
in culture and for AG-1 tester. Cultures of these isolates were main­
tained on potato dextrose agar (PDA) (Difco Laboratories, Deroit, 
Michigan, USA) and water agar (WA) (Matheson Coleman & Bell Manufactur­
ing Chemists, Norwood, Ohio, USA). The anastomosis grouping method 
reviewed by Anderson (1982) was used to determine the anastomosis group 
of the isolates.
To produce microsclerotia in culture, a single microsclerotium was 
removed from diseased leaves using a light microscope and placed onto 2% 
WA. Isolations of microsclerotia also were made from diseased petioles 
by placing a 3 cm length of surface sterilized petiole on 2% WA. 
Subcultures were made by transferring hyphal tips from those isolations 
to 2% WA. Cultures were made by transferring hyphal tips from WA 
subcultures to PDA and WA. The known IA intraspecific group also was 
cultured on 2% WA and PDA using the same procedures and conditions. 
Cultures were maintained at room temperature. Daily microscopic examina­
tion began when hyphae on the agar medium reached the edge of a plate 
(10 cm diameter) and the formation of white mycelial tufts indicated the 
initiation of sclerotia. Experiments were repeated three times in 1987 
and twice in 1988.
The formation and growth of microsclerotia and sasakii-type 
sclerotia on soybean leaves (10 leaves per location) and on 2% WA (6 
dishes per isolate) were examined with a light microscope and a scanning
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electron microscope (Hitachi Instruments, Inc., Santa Clara, CA). For 
SEM, leaves with sclerotia were fixed in 2.5% glutaraldehyde buffered 
with 0.2 M-Na cacodylate (pH 7.2) for 1 h, rinsed twice in Na cacodylate 
for 10 min, postfixed in 1% OsO^ for 30 min, rinsed in Na cacodylate for 
10 min, rinsed twice in double distilled water for 10 min, and dehydrat­
ed in a six step acetone series. The specimens were critical point dried
for 10 min, mounted on discs using double sided tape, coated with
gold-palladium for 3 min, and observed at 25 kV.
RESULTS
Results of anastomosis tests indicated that cultures obtained from 
all locations were R. solani, AG-1, anastomosis occurring among all
isolates. Culture characters of isolates from tissues with web blight on 
PDA fit the description of Sherwood's type 1 (1969).
On PDA, only sasakii-type sclerotia were produced by isolates from 
web, blight diseased tissues and by cultures of the AG-1, IA
intraspecific group. Aggregations of sclerotia were seen frequently in 
cultures of both IA and IB isolates. No microsclerotia were produced in 
PDA cultures both of IA and IB isolates.
On WA, however, colony morphology differed. Hyphae of IB isolates 
from microsclerotia showed more irregular branching angles than the IA 
isolates. The hyphae of the IA isolates grew radially. Only colonies 
from web blight diseased tissues or microsclerotia produced abundant 
microsclerotia after 3 wk on WA. In addition to microsclerotia, two to 
four sasakii-type sclerotia were produced in the same IB cultures. The 
IB cultures directly from web blight diseased tissues produced one to 
two times more microsclerotia than the cultures directly from single
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microsclerotia or the cultures transferred.
In IB WA cultures, bud-like growing points (Fig. 2), from which 
lateral branches originated, developed into 'trunk' hyphae (Fig. 3A), 
lateral to the main hypha. Thirteen to seventeen lateral, opposite 
branches occurred at seven to eight levels on the 'trunk' hypha (Figs. 
3B, 3C). The 'trunk' hypha and lateral branches determined the skeleton 
of the microsclerotium. Secondary branches formed on lateral branches 
and became interwoven. Cells of these branches were barrel shaped or 
monilioid. Further development of the interwoven lateral branches 
determined the final size of a microsclerotium (Fig. 3D). Microsclerotia 
were initially observed as tiny white points growing vertically from the 
surface of the WA and diseased tissues. After a microsclerotium reached 
full size, the colour changed from white to dark brown. Occasionally, 
buds were initiated close together and the mature microsclerotia were 
clustered together. On diseased leaves, many microsclerotia were clus­
tered and embedded within the leaf tissues. The diameter of 
microsclerotia on diseased tissues was 2A0 + 33 urn.
Sasakii-type sclerotia of both IA and IB isolates exhibited the 
'loose' growth development described previously (Butler & Bracker, 1970; 
Butler, 1966; Chet & Henis, 1975; Townsend Sc Willetts, 195A; Willetts, 
1972). Sclerotial initials were formed on vegetative hyphae. Several 
growing points were involved in the formation of a single sclerotium. 
There was no defined pattern of development (Figs. AA, AB). There was 
less intensive interweaving of branches during the development of 
sasakii-type sclerotia compared with the development of microsclerotia 
(Fig. AC). The premature sclerotia were less closely interwoven and had 
a loose structure (Fig. AD).
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DISCUSSION
R. solani AG-1 has been divided into three types by Sherwood (1969) 
and into at least two intraspecific groups, IA and IB (Ogoshi 1987). 
Morphologically, our results agree with these separations. In our study, 
isolates of IB intraspecific group produced microsclerotia and few 
sasakii-type sclerotia and exhibited irregular hyphal branching on WA, 
whereas IA intraspecific group isolates produced only sasakii-type 
sclerotia. The hyphae grew radially with right angle branching. Isolates 
of IB in our collection produced microsclerotia only on WA but not on 
PDA. Similarly, Exner (1953) observed that some isolates of the 
Rhizoctonia formed microsclerotia and few sasakii-type sclerotia on WA 
but some did not when different Rhizoctonia isolates were compared. 
Results obtained by Sherwood (1969) also indicated that isolates of the 
microsclerotial form did not produce microsclerotia on PDA.
Differences in initiation and development between sasakii-type 
sclerotia and microsclerotia were observed. Microsclerotia produced by 
IB intraspecific group isolates had a lateral growth type of development 
which was different from the loose growth of sasakii-type sclerotia of 
IA intraspecific group isolates.
Willetts (1972) described the relationship among the three types of 
sclerotial growth patterns in terms of evolutionary positions. The loose 
type was considered the more primitive type of sclerotium arising from 
ordinary vegetative mycelium with an accumulation of food reserves. The 
terminal type of sclerotium could have originated from the interweaving 
of potential sporogenous (asexual) tissue. The lateral type appeared to 
be degenerate sexual reproductive structures, such as basidiocarps. This 
theory is supported by several workers (Corner, 1950; Langeron &
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Vanbreuseghem, 1955; Mukibi, 1969; Townsend & Willetts, 1972). Corner 
(1950) concluded from a series of works that sclerotia of Typhula spp., 
which were the lateral growth type, were abortive basidiocarps. The 
lateral growth of microsclerotia of R. solani in this study suggests the 
possibility that microsclerotia may be related to the sexual stage of 
the pathogen.
Previous works (Atkins & Lewis, 1954; O'Neill et al., 1977; Yang et 
al., 1988a) in Louisiana also indicate the relationship between the
production of microsclerotia and the occurrence of sexual stages of 
Rhizoctonia solani. Atkins and Lewis (1954) first reported 
microsclerotia associated with the basidial stage of R. solani in 
Louisiana. A study in 1977 reported no basidial stage with only one 
microsclerotial specimen in isolates from 16 locations (O'Neill et al., 
1977). During the 1987 season, microsclerotia and the basidial stage 
were observed frequently following extended periods of rain during Jul. 
and Aug. (Yang et al., 1988a).
Kuninaga & Yokosawa (1982) and Vilgalys (1988) used DNA/DNA hybrid­
ization to determine the relatedness among anastomosis groups and showed 
that AG-l-IB had limited hybridization with reference DNA from AG-l-IA. 
However, there were more 95% DNA hybridizations within each 
intraspecific group. In relation to our results that AG-l-IB formed 
lateral growth microsclerotia and few sasakii-type sclerotia but AG-l-IA 
produced only loose growth sasakii-type sclerotia, an indication may be 
given that there may be some differences between AG-l-IA and AG-l-IB.
Further studies on the occurrence and origin of microsclerotia may 
help to clarify the relationships among the causal agents of web blight, 
aerial blight and sheath blight.
43
This research was supported in part by The Louisiana Soybean and 
Grain Research and Promotion Board. Approved for publication by the 
Director of the Louisiana Agricultural Experiment Station as manuscript 
88-38-2336. We thank J.W. Hoy, R.K. Jones and M.C. Rush for helpful 
comments and suggestions.
REFERENCES
ANDERSON, N.A. (1982). The genetics and pathology of Rhizoctonia solani.
Annual Review of Phytopathology 20, 329-347.
ATKINS, J.G., & LEWIS, W.D. (1954). Rhizoctonia aerial blight of soybean 
in Louisiana. Phytopathology 44, 215-218.
BUTLER, E.E., and BRACKER, C. (1970). Morphology and cytology of 
Rhizoctonia solani. In Rhizoctonia solani: Biology and Physiology 
(ed. J.R. Parmeter), pp. 32-51. Berkeley, U.S.A.: University of 
California Press.
BUTLER, -G.M. (1966). Vegetative structures. In The Fungi, An Advanced 
Treatise, Vol II (ed. G.C. Ainsworth, & A.S. Sussman), pp. 83-112.
New .York, U.S.A.: Academic Press.
CHET, I. & HENIS, Y. (1975). Sclerotial morphogenesis in fungi. Annual 
Review of Phytopathology 13, 169-192.
CORNER, E.H.J. (1950). A Monograph of Clavaria and Allied Genera. London 
and New York: Oxford University Press. 740 pp.
EXNER, B. (1953). Comparative studies of four Rhizoctonia occurring in 
Louisiana. Mycologia 45, 698-719.
KUNINAGA, S., & YOKOSAWA, R. (1982). DNA base sequence homology in 
Rhizoctonia solani Kuhn. I. Genetic relatedness within anastomosis 
group 1. Annals of the Phytopathological Society of Japan 48,459-667.
44
LANGERON, M., & VANBREUSEGHEM, R. (1955). Outline of Mycology
(Translated by J. Wilkinson). London, U.K.: Pitman and Sons. 426 pp.
MATZ, J. (1917). A Rhizoctonia of the fig. Phytopathology 7, 110-117.
MUKIBI, J. (1969). Morphology of sclerotia of Dactuliophora tarrii. 
Transactions of the British Mycological Society 52, 496-498.
OGOSHI, A. (1987). Ecology and pathogenicity of anastomosis and 
intraspecific groups of Rhizoctonia solani Kuhn. Annual Review of 
Phytopathology 25, 125-143.
OGOSHI, A. & UI, T. (1983). Anastomosis groups of Rhizoctonia solani 
Kuhn and binucleate Rhizoctonia. In Proceedings of International 
Congress Plant Pathology 4th. NO 185.
O'NEILL, N.R., RUSH, M.C., HORN, N.L., & CARVER, R.B. (1977). Aerial 
blight of soybean caused by Rhizoctonia solani. Plant Disease Reporter 
61, 713-717.
PARMETER, J.R. Jr & WHITNEY, H.S. (1970). Taxonomy and Nomenclature of 
the Imperfect state. In Rhizoctonia solani: Biology and Physiology 
(ed. J.R. Parmeter Jr) pp. 7-19. Berkeley, U.S.A.: University of 
California Press.
SHERWOOD, R.T. (1969). Morphology and physiology in four anastomosis 
groups of Thanatephorus cucumeris. Phytopathology 59, 1924-1929.
TOWNSEND, B.B. & WILLETTS H.J. (1954). The development of sclerotia of 
certain fungi. Transactions of the British Mycological Society 37, 
213-21.
VILGALYS, R. (1988). Genetic relatedness among anastomosis groups in 
Rhizoctonia as measured by DNA/DNA hybridization. Phytopathology 78, 
698-702.
WEBER, G.F. (1939). Web-blight, a disease of beans caused by Corticium
microsclerotium. Phytopathology 29, 559-575.
WILLETTS, H.J. (1972). The morphogenesis and possible evolutionary 
origins of fungal sclerotia. Biological Review 47, 515-536.
YANG, X.B., SNOW, J.P. & BERGGREN, G.T. Jr. (1988a). Survey 
reproductive forms of Rhizoctonia solani on soybean in Louisiana. 
Plant Disease 72, 644.
YANG, X.B., BERGGREN, G.T. Jr. & SNOW, J.P. (1988b). Occurrence of 
sclerotia types and Rhizoctonia foliar blights of soybean in 
Louisiana. Phytopathology 78, 630.
46
Fig 1. Soybean leaf with microsclerotia of R. solani AG-1, intraspecific 
group IB.
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Fig. 2. Initiation of microsclerotia of R solani AG-1, intraspecific 
group IB. Bud-like initial arose from main hypha on diseased leaf 
(X3000).
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Fig. 3. Development of microsclerotia of R. solani AG-1, IB intra­
specific group. A, Early stage on WA. A lateral branch (arrow) (X160). 
B, Interweaving of lateral branch hyphae of developing microsclerotium 
on WA. Six to seven levels of lateral branches on "trunk" hypha (arrow) 
(X160). C, Early stage of development of microsclerotium on leaf 
surface. "Trunk" hypha (arrow) perpendicular to the main hypha, exhibit­
ing several levels of interwoven lateral branches (X500). D, 
Microsclerotium after extensive interweaving of lateral branches. 
Monilioid cells (arrows) can be seen (X500).
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Fig. 4. Initiation and development of sasakii-type sclerotia of R. 
solani AG-1, intraspecific group IA. A, Sclerotial initiation on WA 
(X160). B, Sclerotial initiation on soybean leaf (X320). C, Early stage 
of development of sasakii-type sclerotium on soybean leaf (X80). D, 
Premature sasakii-type sclerotium on soybean leaf showing extensive 
loose interweaving of hyphae (X50).
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Analysis of Epidemics of Rhizoctonia 
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Frequency of primary infections, disease focus establishment, 
expansion of disease, foci, and seasonal progress of aerial blight of 
soybean caused by Rhizoctonia solani Kuhn were studied from 1986 to 
1988. Primary infections from natural inoculum were quantified by 
counting and then removing diseased leaves at 3 to 5 day intervals. 
High numbers of primary infections were found early in the season. 
Correlations between average primary infections per day and average 
daily rainfall were highly significant. The establishment and expansion
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of disease foci were studied in fields without a history of aerial 
blight by periodically inoculating 10 leaves at the center of each of 
10 subplots. In 1986 and 1988, establishment ratios of disease foci 
were low before soybean stages V7 and V4, respectively. In 1987, high 
establishment ratios in early plant growth stages were associated with 
heavy and frequent rainfall. Significant expansion of disease foci 
occurred only after canopy closure in all three seasons. Development of 
disease was significantly correlated with rainfall and soybean growth 
stage (R =0.87 to 0.97). Expansion of disease foci was predicted using 
accumulated rain days after inoculation and soybean growth stages at 
inoculation as predictors. Disease in fields with natural inoculum 
progressed erratically and autocorrelation within a disease progress 
was significantly reduced as the time span increased. The development 
of aerial blight can be divided into two phases, one before and one 
after canopy closure. The first has a soilborne nature and determines 
the number of potential disease foci in the crop canopy. The second 
phase has a leafborne nature and results in the expansion of disease 
foci.
Rhizoctonia aerial blight of soybean (RABS) is a destructive 
foliar disease caused by Rhizoctonia solani Kuhn, anastomosis group 1, 
IA intraspecific group (12,14,22). The disease causes rapid defoliation 
of soybean (Glycine max (L.) Mere.) plants in warm, humid regions and 
has been reported worldwide (18). In Louisiana, RABS was first reported 
in 1954 (1) and now occurs in most soybean production areas of the 
state (12) causing yield losses up to 30% (10). Yield losses up to 60% 
have been reported in research plots (23). In the southern United
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States, the RABS pathogen also causes rice sheath blight. The increase 
of rice sheath blight in Louisiana and Texas is considered to be a 
result of soybean-rice rotation (3,14).
Though the type of inoculum responsible for primary infection of 
RABS has not been confirmed (8), seedling infection caused by soilborne 
inoculum of RABS has been reported (24). Rain-splashed debris with 
mycelium and sclerotia from the soil has been reported as the inoculum 
for Rhizoctonia web blight of bean (6,7). Plants are first infected at 
lower portions (1,14). The importance of host growth stage in RABS 
progress has been reported (12,14,17,25). The mycelium begins to grow 
along the stems and infects the upper parts of the plants during 
soybean flowering stages (1,12,14). The disease spreads by means of 
aerial mycelium growing from leaf to leaf and plant to plant, forming 
distinct disease foci within the canopy (12,14,25). Rainfall during the 
flowering stages may encourage an outbreak of the disease (12,21,22). 
Baker (2) postulated that the development of foliar blights caused by 
R. solani is dependent on certain combinations of environmental condi­
tions.
Quantitative information on disease epidemics which rely on 
soilborne inoculum and growth of interplant mycelium is lacking because 
of the difficulty in quantifying the disease. In addition to RABS, 
examples of similar diseases include Sclerotinia wilt of sunflower 
(11), southern blight of processing carrot caused by Sclerotium rolfsii 
(19), and diseases caused by R. solani in other crops (5,6,16). Knowl­
edge of how to quantify this type of disease is necessary.
Objectives of this study were to better understand the epidemiology 
of RABS by quantifying the effect of rainfall and plant growth stage on
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primary infection, the establishment of and expansion of disease foci, 
and disease progress.
MATERIALS AND METHODS
Location and planting. Experiments were conducted during 1986-1988 
simultaneously at two sites located 7-km apart at Baton Rouge, Louisi­
ana. The experimental site at the Burden Research Plantation had a 10 
yr history of RABS. Experiments to study primary infection and natural 
disease progress were conducted at this location. A 20 x 20 m plot with 
a row spacing of 25 cm and two plots 40 x 40 m with a row spacing of 75 
cm were planted on 1 June 1986 and on 4 June 1987 and 1988. At the Ben 
Hur Farm location which had no previous history of RABS, an experiment 
to study the establishment and enlargement of disease foci was conduct­
ed. Two plots, each 30> x 40 m with a row spacing of 25 cm (except 1986) 
and 75 cm, were planted on 18 May 1986 and on 30 May 1987 and 1988. 
Plant to plant distance in rows was 3 to 5 cm.
The soybean cultivar 'Davis', highly susceptible to aerial blight, 
was used in all experiments. An isolate of R. solani, AG 1, IA 
intraspecific group, which was isolated from diseased plants at Burden, 
Baton Rouge, LA, was used.
Daily rainfall was obtained from Bench Mark weather stations 
located at each experimental site. Ten plants were randomly sampled 
from each location at 3-4 day intervals to determine the soybean growth 
stage (4).
Primary infections. At the Burden site, 20 subplots of 1.5 x 3 m 
were randomly selected from the plot with 25 cm row spacing. After 
seedling emergence, the foliar lesions of aerial blight in each subplot
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were counted at 3 to 5 day intervals. One lesion was considered as one 
primary infection. Following lesion counts, infected leaves were 
removed if only one leaf blade was involved. If there was more than a 
single infected leaf per plant or infections occurred at other portions 
of plant, the plant was removed. The mean of primary infections per 
subplot and associated standard deviation was determined for each 
sampling.
The relationship between the number of primary infections and 
amount of daily rainfall was determined. For a given season, primary 
infections per day per subplot for the ith interval (NPID^) was calcu­
lated as
1 20
NPID. = --  SUM X../DAYS. (1)
1 20 j=l
where X.. is the primary infections in jth subplot at ith rating, DAYS.J i
is days from the day after (i-l)th rating to the day of ith rating. 
Average daily amount of rainfall for ith interval (DRAIKL) was calcu­
lated as
n.
DRAIN. =Slrfl R.^/DAYS. (2)
1 t=l Xt
where n^ equals DAYS^, is amount of daily rainfall at tth day in
ith interval. Correlation coefficients were calculated between the
NPID. and DRAIN, for each season. i i
Establishment and enlargement of disease foci. At the Ben Hur
site, plots with both 25 cm and 75 cm row spacing were divided into 10 
3 x 40 m blocks. Blocks were 3.5 m apart with a 1.5 m unplanted strip. 
Each block was divided into 10 subplots of 3 x 4 m. The treatments 
consisted of sequential inoculations at different soybean stages (Table
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1). At each inoculation, one subplot was randomly selected from each 
block. Fifteen leaves were inoculated within 10 cm of a row at the 
center of each subplot with a suspension of R. solani cultured on 
potato dextrose agar (PDA) medium (10 cm in diameter). The inoculum 
suspension was made by stirring a 2-wk-old PDA culture with 200 ml 
distilled water and was applied at the rate of 100 ml/subplot. After 24 
to 48 hr, each inoculated area was examined and selectively thinned to 
10 infected leaves. RABS was rated at nine, five, and six different 
soybean growth stages for 1986, 1987, and 1988, respectively (Table 1).
An established disease focus was defined as a diseased plant(s) 
that became an inoculum source for the remainder of the season. If the 
disease from the initial inoculation site could no longer be identi­
fied, this site was taken as an unestablished disease focus. The 
establishment ratio at each inoculation was calculated by dividing the 
number of subplots in which the disease developed by the 10 subplots 
inoculated at each time.
For each established disease focus, the diameter was measured at 
each reading. The disease focus diameter was defined as the distance 
between the two farthest diseased leaves across inoculation area. 
Measurements were made down and across the rows. The mean of the two 
measurements was taken as the focus diameter.
The relationship between disease focus expansion and rainfall and 
soybean growth stage was quantified. A numerical soybean growth stage 
was modified from Fehr's scales (4) by assigning VC-V14 with values 0 
to 14 and R1 to R5 with values 15 to 19. Using rainfall and crop canopy 
density as the key determinants for aerial blight development 
(1,12,14,16,17,23,25), a full model for disease focus expansion was
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written as
DIAM. + B.RAINDAY. . + B„ARAIN. . + B-GSI. + B.GSP. . + E. . (3)
i j  0 1 i j  2 l j  3 j  A i j  i j
where DIAM.. was the disease focus diameter for the ith inoculation at ij
jth rating. Bq, B^, B2, B^, and B^ were the partial regression coeffi­
cients. GSI^ and GSP„ were the soybean growth stages at ith inocula­
tion and at jth rating, respectively. RAINDAY„ and ARAII'L^, respec­
tively, were accumulated rain days and accumulated amount of rainfall 
from the day after ith inoculation to the day before the jth rating. 
Eigenvalue analysis (13) was done to determine near-colinarity between 
the independent variables. If near-colinarity presented among the 
independent variables, reduced models with different combinations of 
independent variables would be written to determine the optimum vari­
ables. Reduced models of regression were selected by aptness of
2lackness of colinearity, residual plot, R , F value, and P>F.
Disease progress. At the Burden site, development of RABS was 
monitored in the two plots planted with 75 cm row spacing. From each 
plot, 35 subplots of 75 x 100 cm were randomly selected. Disease inci­
dence (percentage of diseased leaves) for each subplot was rated at 
soybean growth stage VA-V5, V9-V10, V12-13, and RA. Mean and standard 
deviation of disease incidence was plotted against days after planting 
to examine the disease progress. For each plot, correlation coeffi­
cients among disease incidences rated at the four growth stages were 
calculated. Autocorrelation of disease progress was examined with the
correlation coefficients (r..) between disease incidences.ij
All computations were done with SAS (IA).
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RESULTS
Rainfall records from May 15 to September 15, 1986, 1987, and 1988 
at the Ben Hur Research Farm are given in Fig. 1. Rainfall patterns for 
each year were different. In 1986, rainfall was frequent in the early 
season with relatively fewer rain events late in the season. In 1987, 
unusually frequent and heavy rainfall was distributed throughout the 
recorded period. For 1988, the early season was relatively dry, but 
late in the season, rainfall was frequent but not heavy. For the 
period of June 1 to August 31 (the primary time for aerial blight 
development in Louisiana (12,14)), differences among years were 
significant. From June 1 (about planting time) to July 15 (about GS 
V10-V11), the number of rain days and accumulated amount of rainfall 
were 23 days and 233.17 mm, 23 days and 399.03 mm, and 16 days and 
122.68 mm for 1986, 1987, and 1988, respectively. From July 16 (canopy 
closure) to August 30, the number of rain days and accumulated amount 
of rainfall were 16 days and 186.69 mm, 23 days and 379.0 mm, and 30 
days and 225.55 mm for the years 1986, 1987, and 1988, respectively.
Primary infection. Since natural seedling infection caused by the 
RABS agent was not confirmed until 1987 (24), primary infection before 
27 days after planting was not evaluated in 1986. Before canopy clo­
sure, maximum primary infections/subplot were 4.2, 5.5, and 2.5 for 
1986, 1987, and 1988, respectively. The coefficient of variation for 
primary infections/subplot at each reading was always greater than 50%, 
indicating non-uniform distribution of R. solani in the field.
Fluctuations in rainfall paralleled fluctuation in primary infec­
tion numbers (Fig. 2). In 1986, higher numbers of infections occurred 
during the early soybean growth stages than during late growth season.
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In June 1987, the heavy rainfall at early plant growth stages was 
followed by a high number of infections. During mid-July 1987, a period 
of relatively low rainfall was followed by a low number of primary 
infections. About 60% of the primary infections occurred within 40 days 
after planting for both 1986 and 1987. In 1988, less rainfall occurred 
in the early season, and less than 40% of primary infections occurred 
within 40 days after planting. Correlation coefficients between primary 
infections per day per subplot (NRID^) and average daily amount of 
(DRAINi) rainfall were 0.92 (P=0.002), 0.71 (P=0.01), and 0.59 (P=0.01) 
for 1986, 1987, and 1988, respectively.
Establishment and enlargement of disease foci. In 1986, no disease 
foci resulted from inoculations before V7, and the establishment ratio 
increased as the growth stage at inoculation increased (Fig. 3). In 
1987, high establishment ratios resulted from inoculations at all 
growth stages in both row spacings (Fig. 3), indicating the influence 
of early season rainfall on focus establishment. In 1988, no foci were 
formed from inoculation before V3 at either row spacing but establish­
ment ratios were high from inoculations at late growth stages (Fig.3).
For the plots with 75 cm row spacing in 1986 and 1988, rapid focus 
expansion for established disease focus did not occur until after 
growth stage V9 (2 July, 1986 and 15 July, 1988) (Table 1). In 1987, 
rapid expansion of foci did not occur until after V7 (10 July). Rates 
of focus expansion were greatest between the last two observation dates 
in 1987 and 1988 and were highest for disease foci in 1988 (Table 1).
The onset of focus expansion was earlier in plots with 25 cm row 
spacing than in plots with 75 cm row spacing (Tables 1 and 2). In 1987, 
for example, disease foci in the plots with 25 cm row spacing had
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average diameters of 37.5, 45.8, and 28.2 cm for the first, second, and 
third inoculations at the V7 growth stage. In the 75 cm row spacing the
diameter did not begin to expand at V7 or V9 (Table 1). In 1988,
disease focus expansion began at V8 in plots with 25 cm row spacing, 
approximately 15 days earlier than in plots with 75 cm row spacing 
(Tables 1 and 2).
Disease focus expansion was highly dependent on rainfall and plant
growth stage. Determination coefficients of the full model for each
year and row spacing ranged from 0.897-0.975 with P<0.0001 (Table 3), 
indicating that more than 90% of the variation of disease focus expan­
sion was determined by plant growth stages and rainfall events. Inter­
cepts of all models were not significantly different from 0. In the 
full models, negative partial regression coefficients were observed in 
every year (Table 3). Eigenvalue analysis indicated presence of near 
colinearity between the soybean growth stage at inoculation (GSI) to 
the soybean growth stage at prediction (GSP) and between accumulated 
rain days after inoculation (RAINDAY) to accumulated amount of rainfall 
after inoculation (ARAIN). Selection of reduced models suggested that 
the best combination was with variables RAINDAY and GSI. After elimi­
nating variables GSP and ARAIN from the full model, no colinearity 
existed. R^ in reduced models ranged from 0.696 to 0.936 with P<0.0001 
(Table 3). The values of partial regression coefficients were different 
among the three years and two row spacings (Table 3).
Natural disease progress. Before canopy closure, at soybean growth 
stage V10-V12 or until 55 days after planting, disease progress was 
mostly limited individual plants. Plant to plant spread was confined to 
within rows. Disease incidence before growth stage V10-12 was less than
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5% in each field (Fig. 4). The slopes of disease curves for each year 
increased after the second rating (Fig. 4). Final percentages of 
diseased leaves for the two plots were 9% and 15% for 1986, 30% and 30% 
for 1987, and 15% and 31% for 1988. Standard deviations at different 
ratings were greater than 65% of the means.
Correlation coefficients among disease incidences rated at differ­
ent growth stages were significant in most cases (Table 4). Signifi­
cance was usually high when the time between two ratings was close, but 
tended to decrease as the interval between ratings increased. Correla­
tion coefficients were relatively consistent during 1987. Two negative 
values, -0.259 and -0.096 occurred in 1988. The relatively low values 
of correlation coefficients among the disease incidences at different 
growth stages indicates the low autocorrelation within the disease 
progress.
DISCUSSION
Aerial blight epidemics appear to be divided into two phases. The 
first phase is the initiation of disease foci, and RABS progresses as a 
soilborne disease. The second phase is after canopy closure, and RABS 
then progresses as a leafborne disease. During the growing season, 
distribution patterns of rainfall between the two phases is an impor­
tant determinant of the development of aerial blight.
The first phase in an epidemics of RABS is important in determining 
the number of primary infections. Approximately 60% of the primary 
infections were observed to occur prior to canopy closure in 1986 and 
1987 (Fig. 2). Before canopy closure, rain directly impacts the ground 
and this may distribute the inoculum from soil to foliage. This is the
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case of web blight of bean, in which rain-splashed sclerotia and 
mycelia from soil are the major primary inoculum (6,7).
Rainfall prior to canopy closure is critical to the establishment 
of disease foci, but rapid expansion of disease foci does not occur. 
Disease focus expansion was insignificant during this period though 
there were frequent rainfalls, such as occurred following the early 
inoculations in 1987 (Tables 1 and 2). The disease progressed mainly 
upward on individual plants rather than horizontally across plants. 
This lack of horizontal growth might be due to low free moisture in the 
open canopy and less chance for leaves to come into contact (25).
During the second phase, though primary infections caused by soil 
inoculum still occurred, canopy closure might prevent the direct impact 
of rainfall the ground and might reduce inoculum dispersal. In 
Rhizoctonia web blight of beans, mulching has been reported to effec­
tively reduce disease severity (7). Activity of the disease in this 
phase consists of focus expansion within the canopy. The disease is 
rapidly increased through interplant mycelium growth (12,14). During 
this phase, the number of rain days is more important than the amount 
of rainfall, as indicated by the regression results in this study. 
Growth of the soybean canopy is in the log phase during the period of
canopy closure (8). Many new, young leaves are generated in a short
period of time and may be more susceptible to the disease.
Our studies partly explain the results of a previous study (12) in
which the progress and final severity of RABS decreased as the row 
spacing increased. In 1987, at the 75 cm row spacing, expansion of 
established disease foci occurred within and across rows at growth 
stages V10 to V13. At the 25 cm row spacing, focus expansion started at
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growth stage V7, (approximately 15 days earlier than that of the 75 row 
spacing). A similar situation was observed in 1988. The closed canopy 
may increase moisture and the chance of leaf contact, both of which are 
necessary for mycelial development within and, especially, between 
rows.
The lack of quantitative information on Rhizoctonia foliar blights 
may be due to the complex nature of RABS. R. solani has a soilborne 
nature and is present in the soil at the beginning of the season. The 
soil is the main source of inoculum for primary infections (2,6,7). 
During the season, disease development caused by aerial mycelium has a 
leafborne nature. Galindo et al. found that development of web blight 
fit the compound interest equation better than the simple interest 
equation (6). Currently, no mathematic model has been developed to 
describe a disease, such as RABS, which has phases of each type of 
disease.
Another problem in quantification of RABS is that there is not 
delimited diseased individual which can be counted as a basic modelling 
unit. Spread of disease by means of aerial mycelium results in an 
unclear boundary. Erratic development of the disease may be another 
reason for the difficulty in quantifying the disease. Autocorrelation 
within the disease progress was not high, especially over long time 
spans (Table 4). Autocorrelation may be low because of high dependence 
of RABS development on free moisture. Also, a large amount of plant 
tissues became diseased in a short period when environmental conditions 
were favorable, but diseased leaves dropped quickly during dry weath­
er. New leaves vigorously regenerated would cloud the prior disease. 
Since the fungal mycelium is present on plant parts, the disease could 
develop rapidly during the next favorable environmental period.
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Based on the concept of Vanderplank (20), diseases can be divided 
into two categories: apparent infection rate dependent disease and
initial inoculum dependent disease. Apparently, RABS relies on both 
infection rate and level of primary inoculum. The significant correla­
tion between rainfall and the number of primary infections during the 
season indicates the possibility of predicting the primary infection if 
soil inoculum data is available. The further development of these 
primary infections can be described using the disease focus as a basic 
quantitative unit for RABS. Smith et al. suggested that quantitative 
evaluation of epidemics of southern blight of processing carrot may be 
possible by rating disease foci rather than disease severity (19). The 
results of our experiments suggests that variation of development of a 
single RABS focus can be predicted by the combination of plant growth 
stages and rainfall patterns (Table 3). However, due to the complex and 
erratic nature of RABS, simulation with relative short time interval 
may be an approach leading to the prediction of the disease.
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Table 1. Mean diameters (cm) of disease foci following inoculation with 
R. solani at different soybean growth stages (GS) for the 1986, 1987, 
and 1988 growing seasons in plots with 75 cm row spacing at the Ben Hur 
Research Farm, Baton Rouge, LA
Inoculation Disease focus diameter measured at different (GS)
1986
Date GS
6/4 6/11 6/17 6/22 6/28 7/2 
VI V3 V4 V7 V8 V9
7/6 7/13 8/1 
Vll V14 R2
6/4 VI 8.7 0 0 0 0 0 0 0 0
6/10 V3 10.2 0 0 0 0 0 0 0
6/17 V4 8.5 8.6 0 0 0 0 0
6/22 V7 10.5 10.0 10.0 23.5 45.0 a
6/28 V8 8.5 9.5 22.5 41.1 --
7/2 V9 11.0 30.0 55.5 --
7/6 Vll 30.0 38.8 44.0
7/13 V14 20.0 25.6
7/24 R2 23.5
1987 6/18 6/26 7/10 7/29 8/12
date GS V2 V3 V7 V12 R3
6/11 VC 10 10 11.3 22.9 81.9
6/15 VI 10 10 9.3 23.6 62.7
6/19 V2 10 7.1 21.1 67.5
6/23 V2 10 11.8 21.0 79.3
6/27 V3 6.9 20.5 47.5
7/01 V4 7.7 20.8 57.9
7/06 V6 8.3 23.9 55.5
7/11 V8 10.0 45.5
7/15 V9 18.5 68.7
7/21 V10 19.2 66.5
7/27 V12 30.5
1988 6/22 6/28 7/5 7/15 8/1 8/22
date GS V3 V5 V7 V9 V14 R3
6/14 VI 0 0 0 0 0 0
6/17 V2 0 0 0 0 0 0
6/22 V3 10.0 10.5 10.3 46.6 120.6
6/25 V4 10.0 12.6 13.6 59.4 138.3
6/28 V5 10.0 10.3 26.3 116.7
7/05 V7 10.0 57.2 147.2
7/10 V8 10.0 53.5 126.7
7/15 V9 56.1 112.5
7/20 V10 10.7 93.5
7/25 Vll 12.9 101.0






Table 2. Mean diameter (cm) of disease foci following inoculation with 
R. solani at different soybean growth stages (GS) for the 1987 and 1988 
growing seasons in plots with 25 cm row spacing at the Ben Hur Research 
Farm, Baton Rouge, LA
Inoculation Disease focus diameter measured at different (GS)
1987 6/18 6/26 7/10 7/29 8/12
date GS V2 V3 V7 V12 R3
6/11 VC 10 10 37.5 63.6 186.3
6/15 VI 10 10 45.8 94.5 195.5
6/19 V2 10 28.2 91.4 182.0
6/23 V2 10 21.0 95.0 188.5
6/27 V3 18.0 80.0 190.0
7/01 V4 18.8 67.3 186.0
7/06 V6 16.8 67.0 174.0
7/11 V8 47.5 155.0
7/15 V9 44.4 145.0
7/21 V10 21.1 68.5
7/27 V12 50.3
1988 6/22 6/28 7/5 7/15 8/1 8/22
date GS V3 V5 V7 V9 V14 R3
6/14 VI 0 0 0 0 0 0
6/17 V2 0 0 0 0 0 0
6/22 V3 10.0 10.0 20.5 41.2 121.2
6/25 V4 10.0 10.8 26.7 55.6 119.4
6/28 V5 10.0 16.0 47.5 117.9
7/05 V7 20.0 64.5 118.1
7/10 V8 18.9 49.4 89.5
7/15 V9 38.6 98.3
7/20 V10 14.4 84.4
7/25 Vll 18.3 98.3





Table 3. Regression analysis for aerial blight focus diameter to 
rainfall measurements and soybean growth stage, showing percent 
variation determined by full models and the improvement of regression 
coefficients in reduced models
Partial regression coefficients 
and standard error P>F
Year RAINDAY ARIAN IGS PGS
Full models




































































































Table 4. Matrices of correlation coefficients among percentage of 
diseased leaves at different soybean growth stages (GS) in two 
fields (upper triangle for field 1 and lower triangle for field 
2) during the 1986, 1987, and 1988 growing seasons
1986
GS V4 V9 V12 R4
V4 0.852a 0.523 0.588
V9 0.591 0.588 0.517
V12 0.268 0.437 0.877
R4 0.172 0.393 0.895
1987
GS V4 V9 V12 R4
V4 0.601 0.533 0.467
V9 0.851 0.621 0.462
V12 0.693 0.915 0.584
R4 0.537 0.682 0.758
1988
GS V5 V10 V13 R4
V5 0.488 0.752 0.435
V10 0.202 0.063 -0.096
V13 -0.259 0.255 0.624
R4 0.069 0.531 0.567
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Fig. 1. Rainfall for 1986, 1987, and 1988 at Ben Hur from 
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Fig. 2. Numbers of primary infections observed per subplot and the corresponding 
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Fig. 4. Progresses of RABS measured as percentage of diseased leaves in 
subplots of 0.75 x 1.0 m after planting during the 1986, 1987, and 
1988 growing seasons. Dashed and solid lines represent data of field 
one and field two, respectively.
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Yang, X.B., Berggren, G.T., and Snow, J.P. 1989. Effects of free mois­
ture and soybean growth stage on focus expansion of Rhizoctonia aerial 
blight. Phytopathology 79:000-000.
Soybean aerial blight caused by Rhizoctonia solani Kuhn spreads in the 
canopy by mycelial growth, forming bridges from leaf to leaf. To quanti­
fy disease focus expansion as affected by free moisture and plant growth 
stage, soybeans were planted in polyethylene chambers in a greenhouse. 
An inoculum source was introduced into the canopy at growth stages V2,
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V5, or V9. Free moisture treatments consisted of that were repeated for 
the duration of the experiments. Focus radius, number of diseased 
plants/focus, disease incidence, and disease focus severity were mea­
sured. Simple linear regressions of disease variables to days after 
inoculation showed increases in slopes as free moisture increased. Plant 
growth stage at inoculation also significantly affected the slopes. 
Models to predict the development of each disease variable were devel­
oped using accumulated free moisture hours as the predictor. The radius 
of a disease focus was a linear function of accumulated free moisture 
hours. Diseased plants/focus and disease incidence were best fitted with 
circle equations. Slopes of equations were proportional to plant growth 
stage. Correlation coefficients among disease incidence, focus radius, 
and diseased plants/focus ranged from 0.875-0.963. However, severity of 
disease foci was less correlated with the other three disease variables. 
Viability of the tips of aerial mycelia decrease exponentially with 
period of dryness, with a half-life of 8.25 days.
Additional keywords: disease modeling, epidemiology.
Rhizoctonia aerial blight of soybean (RABS) caused by Rhizoctonia 
solani Kuhn is a destructive foliar disease in the tropical and subtrop­
ical regions of the world (10,16). In warm and moist seasons, the 
disease causes severe defoliation and high yield losses (1,7,9,11,13).
The disease starts at the base of the plants and progresses upward 
as the mycelium grows. Literature (2,3,9,11,20,21) suggests that free 
moisture is critical to the disease spread. Under humid conditions,
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mycelial bridges can be readily seen on soybean plants in the field
(9,11).
Density of the crop canopy is another important determinant to 
disease development. Frequent rainfall early in the growing season or 
before soybean canopy closure did not result in rapid expansion of 
disease foci in a field with 75 cm row spacing (21). After canopy 
closure, the disease spreads in a circular pattern as mycelial bridges 
extend from infected plant parts to noninfected parts of the same plants 
and adjacent plants (1,9,11,15,21). Frequent rainfall during late July 
and August encourages disease outbreaks (21). Singh and Singh (1A) 
reported that reducing row space increased the severity of Rhizoctonia 
wilt in Cyamopsis psoralioides. Joye (9) reported a highly significant 
correlation between row spacing and soybean defoliation caused by 
Rhizoctonia aerial blight.
The disease focus is a basic epidemic unit of aerial blight and is 
necessary for quantification of RABS. Therefore, knowledge of how 
disease foci develop is essential to understanding the population 
dynamics of RABS. The objective of this study was to quantify the 
effects of free moisture and plant growth stage on the expansion of a 
single disease focus.
MATERIALS AND METHODS
Plot establishment and inoculation. Experiments were conducted 
during 1987 and 1988. Soil from a field which had no history of RABS was 
collected and spread to a depth of 30 cm on greenhouse benches. The soil 
was fumigated on the benches with methyl bromide-12% chloropicin (MC-2 
Dowfume, Dow Chemical Co., Midland, Ml) under polyethylene sheets for 10
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days. Plots 120 x 120 cm were established on benches by building wooden 
frames 120 x 120 x 190 cm. Each frame was covered with a clear polyeth­
ylene sheet with two removable flaps on opposite sides.
Seeds of soybean cv 'Davis', highly susceptible to RABS, were 
treated with soybean Rhizobium inoculant (Legume Aid, Kalo Inc., Over­
land Park, KS) and sown in 6 rows of 120-cm length in each plot with a 
row spacing of 20-cm. Seedlings were thinned to 26 plants per row after 
emergence. Planting dates were adjusted in order to inoculate plants at 
different growth stages at the same time.
The experimental design was a 4 x 3 factorial with two replications 
in 1987 and three replications in 1988. The treatments were designed to 
simulate different free moisture events occurring at different plant 
growth stages. Four levels of moisture were established as follows: 12-h 
free moisture per day at night (12/D), which mimicked the dew occurrence 
pattern in Louisiana; repeated cycles of 24-h free moisture followed by 
2 days of 12-h free moisture at night (24-2(12)); repeated cycles of 
24-h free moisture followed by 1 day of 12-h free moisture at night 
(24-12); and 24-h free moisture daily (24/D). Plant growth stages at the 
beginning of the experiments were V2, V5, and V9 (4). Treatments were 
randomly assigned to the moisture chambers.
To create free moisture, a cool-vapor humidifier (Model NO. 240, 
Hankscraft, Gerber Product Company, Reedsburg, Wl) was set inside each 
chamber. Flow rate of humidifier was 20 ounces per hr. Mists in all 
chambers were controlled by a cycle timer to give a 30-sec mist each 
90-sec. In treatments with dry periods, humidifiers were turned off at 9 
am and the polyethylene sheets on opposite sides were removed to allow 
free moisture on plants to dry rapidly. Plants for the three growth
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stages were observed to dry within 0.22 + 0.25 h. At 9 pm, plants were 
carefully watered from overhead. Then, the humidifiers were turned on 
and the sheets were replaced again. Temperature in the greenhouse was 
controlled to maintain chamber temperatures between 25-32 C.
An isolate, RS456 of R. solani Kuhn anastomosis group 1, sheath 
blight subgroup, was used. Inoculum suspension was prepared by mixing 
six petri dishes of 2-wk-old R. solani on PDA in a Waring blender with 
0.5 L sterilized water for 30 sec. Inoculum suspension was sprayed onto 
soybean seedlings with growth stages V2, V5, and V9 in 10-cm-diameter 
pots simultaneously. Pots were kept in a moisture chamber at 28 C for 36 
h until disease symptoms appeared. Each pot was thinned to six plants 
with one diseased leaf per plant. One pot was then placed at the center 
of each chamber containing soybean plants with matching growth stage to 
provide initial inoculum. The day when the pots were introduced into the 
plots was considered to be the start of the experiment.
Data collection. In each chamber, disease focus radius, number of 
diseased plants/focus, disease incidence (percentage of leaves dis­
eased), and disease severity in the developing focus (disease focus 
severity) were measured at 3-5 day intervals. The source plants were not 
counted. During the 20 days of the experiment, leaves on 15 plants at 
each growth stage were randomly sampled to determine the mean number of 
leaves per plant. Total leaves per chamber were calculated by multiply­
ing the mean number of leaves/plant by 156 plants/plot. The radius of a 
focus in a given direction was defined as the distance from the edge of 
source pot to the farthest diseased leaf. Radii in four perpendicular 
directions were measured, and an average of these four measures was 
taken as the radius of a focus. Disease incidence (percentage of
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diseased leaves) was estimated visually if the disease incidence was 
greater than 20%. If the estimated disease incidence in a plot was less 
than 20%, diseased leaves were counted and disease incidence was calcu­
lated by dividing the total number of diseased leaves by the number of 
total leaves per plot. Disease severity was defined as the percentage of 
lesion area to leaf area. Fifteen diseased leaves were randomly selected 
from the disease focus of a plot to assess disease focus severity. The 
severity of a disease focus was considered to be the average of severity 
of the 15 diseased leaves.
At the conclusion of each focus expansion experiment, 10 chambers 
were used to determine the duration of viability of aerial mycelium tips 
after a no-free-moisture period. The chambers were supplied with free 
moisture for the first 48-hr to allow aerial mycelium to grow abundant­
ly. No free moisture was supplied for the next 20 sampling days. The 
sampling intervals in the 1987 experiment were 12 h for the 5 days, 24 h 
for the next 6 days and 48 h for the remaining 8 days. In 1988 experi­
ment, sampling intervals were 24 h for the first 12 days and 48 h for 
the remaining 8 days. Five aerial mycelial tips, each less than 1-mm 
long, were taken from each plot and placed on 2% water agar. After 
incubation at room temperature for 36 h, viability of each hyphal tip 
was recorded, if the tip regenerated a new colony. Percent viability was 
calculated by dividing the number of tips viable by total tips plated 
for each sampling. A quantitative relationship between aerial mycelium 
tip viability and no-free-moisture period was analyzed with an expo­
nential decay equation.
Data analysis. Variance analysis was used to determine if there were 
differences between the results of the 1987 and 1988 experiments and
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among replications.
For the model to predict focus radius expansion, an assumption was 
made that the disease spreads by means of mycelium growth from leaf to 
leaf and plant to plant when free moisture is present (9,11). The radius 
of a focus on the jth day after inoculation (RADIUS^) was a function of 
time and the chance of leaf contact which is proportional to the soybean 
growth stage. The model used to predict focus radius for a given growth 
stage is
RADIUSj = BT (1)
in which B = the regression coefficient and T is the time. The model is 
regressed through the origin based on the fact that there was no disease 
when T was 0.
For the model to predict diseased plants/focus, in addition to the 
assumption used for equation 1, another assumption is that a disease 
focus expands in a circular pattern in a uniform crop canopy (11). 
Diseased plants/focus at jth day (DP^) for a given growth stage is a 
function of focus area which can be expressed by equation 2 describing a 
circle
DPj =3.142(BT)2 (2)
in which 3.142 is constant for the area of circle and B and T are the 
same as in equation 1. Regressions forced through the origin were then 
preformed using square root transformation (SQRT) (equation 2.1)
SQRT(DPj/3.142) = BT ( 2 .1)
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Based on the same assumptions for equation 2, the relationship 
between time and disease incidence (INCIDj ) for a given plant growth 
stage can be expressed as equation 3 and 3.1 (transformed),
INCID =3.142(BT)2 (3)
SQRT(lNCIDj/3.142) = BT (3.1)
Progress of disease focus expansion was analyzed in two steps.
First, the disease progress was examined for each individual treatment
by predicting different disease variables using days after inoculation
as a predictor. Transformed regression models were judged with criteria
2of pattern of the residual plot, F, of P>F, and r . Regression coeffi­
cients were substituted back to the circle equation to examine the
deviation between observed and predicted. Because the regression was
2forced through the origin, r did not equal the percentage of variation 
which is determined by the models .
The second step was to quantify the relationship between disease 
variables and accumulated free moisture hours (AMH) using the combined 
data from all moisture treatments. Equations 1, 2, and 3 were fitted to 
the combined data of each disease variable. T in these equations was 
substituted with AMH. AMH for the ith moisture treatment at the jth day 
after inoculation was calculated as:
n=20
AMH.. = SUM MH.. MH.. > K (4)ij j=1 1J
in which MH.. = continuous free moisture hours for ith treatment at jth ij
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day after inoculation, K = minimum hours of continuous free moisture 
needed to allow disease focus expansion. The value of K was determined 
from individual treatment analysis in the first step.
The relationships among different disease variables was determined 
by calculating correlation coefficients between the variables for each 
plant growth stage at inoculation and for the pooled data. All analyses 
were preformed using the SAS statistical package (12).
RESULTS
Significant differences were not found between years or among repli­
cations, except for focus severity between the 2 yrs (Table 1). As 
described by the F values, most variation in disease variables was 
explained by growth stages at inoculation, moisture treatment, and days 
after inoculation. The data from the 2 yrs were, therefore, pooled for 
the following analysis.
Progress of disease foci in individual treatments. Expansion of 
focus radius against days after inoculation was significantly fitted 
with equation 1 (Fig.l, Table 2). The regression coefficient (B), which 
represents daily expansion of focus radius, tended to increase as the 
free moisture or growth stage at inoculation increased. At moisture 
level 12/D (Fig. 1), B values were less than 0.25 (Table 2) for inocu­
lation at all three growth stages, indicating that the focus radius 
expanded only slightly under these conditions. For treatments inoculated 
at stages V2 or V5, the B values at moisture levels 24-2(12) and 24-12 
(Fig. 1) were 70% and 50% less (Table 2) than those at continuous free 
moisture (Fig. 1), although, the reduction in total moisture period was 
50% or 25%, respectively. Differences in the effect of inoculation time
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were detected at moisture levels 24-2(12) and 24-12. At 24-2(12), B was
0.327, 0.458, and 1.523 for treatments inoculated at plant growth stages
V2, V5, and V9, respectively. Determination coefficients were less than
20.7 for treatments inoculated at plant growth stages V2 and V5. The r
increased as the free moisture or growth stage at inoculation increased.
At 24-12, B was 0.939, 0.747 and 2.044 for the treatments inoculated at
growth stages V2, V5, and V9, respectively. At continuous free moisture
(24/D), B for treatments inoculated at the V2 stage was significantly
different from those inoculated at V5 and V9.
Data of diseased plants/focus against days after inoculation were
well fitted to the circle equation (Fig. 2, Table 2). The residual plots
of the transformed version of equation 2 indicated a normal distribution
2for the residuals. For all treatments, r was greater than 0.88 except a
value of 0.77 for moisture level 24-2(12) at growth stage V5 (Table 2). 
2The r generally increased as free moisture or plant growth stage at 
inoculation increased. Like radius expansion, there were differences in 
the slopes of curves between the treatments inoculated at stage V2 and 
V5 or V9 under free moisture conditions, 24-12, 24-2(12), and 24/D.
Disease incidence was best fitted with equation 3 (Fig. 3, Table 2). 
Residual plots showed normal distribution patterns after being regressed 
with the transformed equation, 3.1. At moisture levels 24-12, 24-2(12), 
and 24/D, slope (B) for stage V9 was significantly greater than for 
stage V2 and V5. Therefore, on day 20, the final disease incidence for 
treatments inoculated at stage V9 was also significantly higher than 
treatments inoculated at other stages (Fig. 3). Among different moisture 
treatments, slopes for 24/D at each inoculation stage were significantly 
greater than those of other moisture levels at corresponding growth
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stages (Fig. 3). Determination of coefficients were all greater than 
0.82 except for one value of 0.75 (Table 2).
The logistic model (17) was also fitted to disease incidence data. 
However, the logistic model did not fit as well as circle equation.
Development of disease focus severity appeared not to be a function 
of time after inoculation. For a diseased leaf, the observed time from 
symptom occurrence to complete water soaking was only 24 h if the free 
moisture requirement was satisfied. Therefore, severity of disease foci 
reached 90-100% 3-4 days after inoculation in the 24/D and 24-12 treat­
ments .
Predicting disease focus expansion using AMH as predictor. Because
disease progress was insignificant in moisture treatment 12/D, the K in
equation 4 was assigned a value of 12 h to calculate AMH.
The model describing focus radius expansion (equation 1) fit the
data well (Table 3) when AMH was taken as the time factor (Table 3). 
2Values of r for all three growth stage inoculations were greater than 
0.85. F values for the three inoculation stages were greater than 580 
with P<0.0001. B increased as the growth stage increased with P<0.0001. 
Predicted rates of focus expansion were different between plant growth 
stages (Fig. 4A).
The model describing diseased plants/focus (equation 2) fit well
2with the data (Table 3). Values of r were all greater than 0.80. F
values were also significant (PC0.0001). Residual plots indicated a 
homogenous variance for SQRT(DPj) when the transformed equation was used 
for regression. The predicted number of diseased plants/focus against 
wetness duration increased with increasing plant growth stage for 
inoculation (Fig. 4B). This fact was reflected with increasing slopes
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(Table 3).
The model for prediction of disease incidence (equation 3) also fit
well with the data. F values were significant (P<0.0001) and values of 
2r were greater than 75 for the three inoculation stages. Residual plots 
showed that the transformation was validated with regression assump­
tions. The slope of the predicted line for growth stage V9 was greater 
than those for growth stage V2 and V5 (Table 3). The disease incidence 
curves showed a trend similar to those of diseased plants/focus (Fig. 
4B, AC).
Relationships among disease variables. The correlation coefficients 
indicated two groups of disease variables. One group was comprised of 
focus radius, diseased plants/focus, and disease incidence. The correla­
tion coefficients (r) for this group ranged from 0.87 to 0.96 (Table 3). 
Disease focus severity alone fell in the second group and the r value 
between disease focus severity and other disease variables ranged from
0.283 to 0.583, except for one value (0.717). Correlation coefficients 
between focus severity and other variables were significant (P<0.0001), 
though the r values were lower than those among the other three disease 
variables. Similar trends were present in the results for each inocula­
tion stage and pooled data (Table 4).
Viability of aerial mycelium tips (Y) with increasing hours of 
dryness was described by the exponential decay equation, 
Y=84.36EXP(-0.084t) (r^=0.83, P<0.0001) (Fig. 5). The model predicted an 
initial viability level of 84%. The half-life time of the curve was 8.3 
days. Even 20 days after stopping free moisture, approximately 20% of 
aerial mycelial tips were still viable.
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DISCUSSION
It has been hypothesized that an optimum combination of host and 
environmental rhythms encourages an outbreak of Rhizoctonia aerial 
blight (2). Outbreaks of RABS occur after soybean flowering and fluctu­
ate with the occurrence of rainfall (9,11,15,20,21). Yang et al (21) 
suggested RABS development occurs in two phases. The first phase is 
before canopy closure and consists of vertical development of disease 
from soil to plants. The second phase occurs after canopy closure and 
consists of vertical and horizontal development of disease foci. Our 
results explain and quantify the influence of free moisture and canopy 
density on RABS development. Expansion of disease’focus in treatments 
inoculated at V9 growth stages was significantly faster than those at 
stage V2 or V5 at moisture levels 24-2(12) and 24-12, indicating the 
importance of moisture and leaf-contact to focus expansion.
Reducing row spacing results in increased plant density and, there­
fore, increased RABS severity (9,14). In a field with narrow row spac­
ing, the canopy closed earlier and provided a longer period for the 
horizontal development of the disease focus (21). Narrow row spacing and 
advancing growth stages may also increase the chances of leaf-contact. 
The differences in disease incidence and number of diseased plants/focus 
between treatments inoculated at stage V2, V5, and V9 support the
assumption (Table 3 & 4).
Several works (9,11,15) reported the association of RABS and rain­
fall. Yang et al. considered rainfall frequency and distribution during 
the growing season as determining factors for an outbreak of RABS 
(20,21). In field observations, there was no focus expansion during the 
early growth stages despite heavy rainfalls in one season or during
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later stages when there was no rain in another season (unpublished). 
These experiments, mimicking free moisture distribution during the 
growing season, showed no disease focus expansion at early growth stages 
which had a low canopy density and low moisture. Inoculations at early 
stages progressed slower than inoculations at later growth stages (Fig. 
4a & 4b). Ikeno (8) reported that R. solani requires 18-24 h free 
moisture to complete infection on soybean leaves. This may explain the 
lack of focus expansion in the treatments with only 12-h free moisture 
at night (Fig. 1,2, and 3). The occurrence of dry periods during the 
growing season may also delay the expansion of disease foci by reducing 
the viability of aerial mycelium. Schneider (13) reported a 50% decrease 
of growth rate for R. solani at 99% RH compared to 100% RH. The thresh­
old value for mycelium growth was 95% RH (13). An incorporation of 
aerial mycelium viability into disease focus expansion models may 
improve prediction.
In a study of 86 isolates of R. solani, Durbin (3) found that RABS 
isolates had growth rates ranging from 20-37 mm/day, with a mean of 28 
mm/day. In our study, b̂  in simple linear regression for focus radius 
expansion was 22 to 28 mm/day in continuous free moisture treatments 
(Table 2), showing an expansion rate consistent with Durbin's data. In 
web blight of azaleas, Frisina and Benson demonstrated significant 
correlation between disease severity and height of aerial mycelium from 
soil (5). Strains of R. solani must have properties both of aggressive­
ness to its host and fitness to the aerial environment which greatly 
differs from its original soil habitat.
Models were developed that fit the data well. Though the models were
2forced through the origin, values of r in these models were still an
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approximate reflection of percent variation determined by the model 
because insignificant intercepts would not have much affect on the bias 
of the determination coefficient. Some modifications may be necessary 
when models are applied as disease development components to field 
conditions because focus expansion in the greenhouse may differ from 
that in the field. O'Neil et al. (11) reported that in drill-seeded or 
broadcast soybean, RABS typically spread in a circular pattern, but in 
fields with row-planted soybeans, disease spread down the row first. In 
our experiment, the narrow row spacing provided a uniform canopy which 
was only similar to that which occurs in broadcast or drill-seeded 
soybean. Furthermore, the effects of wind on the spread of disease focus 
expansion needs further investigation. Prediction of RABS also will 
require information concerning the distribution of initial disease foci 
in the field.
Correlation coefficients among disease variables can be classified 
into two groups according to the values of correlation coefficients 
(Table 3). High correlation coefficients between disease variables can 
be traced to the model derivation of each disease variable from equation 
1 to 3. Focus radius reflects only disease expansion in two dimensions. 
Diseased plants/focus produces information in two-demensions. Disease 
incidence provides three dimensional information about disease increase 
if the observation boundary was predefined. However, measurement is an 
absolute value in focus radii and is a relative value in incidence. 
Diseased plants/focus is closely associated with the area of a disease 
focus, which does not provide information on degree of disease damage to 
the plants. Severity of the disease focus reflects the disease damage to 
plants. But, the value of the damage is relative and does not reflect
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the scale of the disease focus. A product of severity and radius may be 
more reliable for this purpose.
Based on Vanderplank's compound interest disease (CID) and simple 
interest disease (SID) (17), Galindo et al. (6) concluded that web 
blight of beans, a disease having characteristics similar as RABS, was a 
CID. Apparently, the aerial phase of RABS is compound interest with a 
relatively high apparent infection rate. However, the disease incidence 
was better fitted with a circle equation than with a logistic equation, 
indicating some differences between RABS and typical CID. Expansion of 
RABS is through mycelial growth from leaf to leaf. Only leaves at the 
focus edge could be infected, which invalidates one of logistic model 
assumptions that every individual of a population has an equal opportu­
nity to be infected. With the pathogen being soilborne initially, the 
occurrence and establishment of disease foci may progress 
monocyclically. Therefore, RABS may have nature both of CID and SID.
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TABLE 1. Results of F-test in variance analysis for disease variables 
with factors of year, replication, plant growth stage at inoculation 
(GS), free moisture treatments (FM) and day
Focus radius Diseased plants Incidence Focus :severity
F P>F F P>F F P>F F P>F
Year 1.15 0.2836 1.27 0.2616 1.33 0.2503 7.22 0.0077
Rep 0.04 0.8376 0.30 0.5836 0.47 0.4923 0.07 0.7923
GS 92.09 0.0001 90.68 0.0001 55.83 0.0001 36.06 0.0001
FM 39.06 0.0001 21.12 0.0001 14.29 0.0001 18.71 0.0001
Day 149.58 0.0001 120.36 0.0001 94.75 0.0001 256.87 0.0001
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Table 2. Results of regression through origin for disease focus radius 
expansion, diseased plants/focus, ana disease incidence against days for the treatments with different free moisture levels and inoculation at different plant growth stages (GS)
Moisture GS Ba Stdb F P>F ..? ...
Radius 12/D V2 0.183 0.037 24.5 0.0001 0.52V5 0.245 0.034 50.67 0.0001 0.67V9 0.141 0.040 12.39 0.0023 0.39
24-2(12) V2 0.327 0.069 22.2 0.0001 0.54V5 0.458 0.057 64.63 0.0001 0.68V9 1.523 0.108 199.91 0.0001 0.91
24-12 V2 0.939 0.091 107.50 0.0001 0.96V5 0.747 0.071 110.50 0.0001 0.85V9 2.044 0.093 485.05 .0.0001 0.95
24/D V2 2.163 0.133 266.10 0.0001 0.92V5 2.663 0.175 231.80 0.0001 0.94
V9 2.837 0.086 1092.81 0.0001 0.98
Diseased 12/D V2 0.069 0.007 104.38 0.0001 0.82plants V5 0.089 0.008 111.87 0.0001 0.82V9 0.110 0.007 240.05 0.0001 0.93
24-2(12) V2 0.098 0.008 156.82 0.0001 0.89V5 0.096 0.010 98.16 0.0001 0.77V9 0.227 0.009 579.06 0.0001 0.97
24-12 V2 0.120 0.012 300.64 0.0001 0.96V5 0.149 0.012 148.27 0.0001 0.89V9 0.290 0.012 557.01 0.0001 0.96
24/D V2 0.272 0.012 551.07 0.0001 0.96
V5 0.292 0.008 1318.76 0.0001 0.99V9 0.362 0.008 1930.26 0.0001 0.99
Disease 12/D V2 0.083 0.008 109.66 0.0001 0.83incidence V5 0.065 0.008 74.55 0.0001 0.75V9 0.061 0.003 395.14 0.0001 0.95
24-2(12) V2 0.101 0.101 88.89 0.0001 0.82V5 0.072 0.006 139.38 0.0001 0.82
V9 0.136 0.012 128.73 0.0001 0.87
24-12 V2 0.092 0.017 99.09 0.0003 0.87V5 0.088 0.006 198.94 0.0001 0.91V9 0.194 0.013 210.88 0.0001 0.89
24/D V2 0.174 0.010 290.14 0.0001 0.95
V5 0.209 0.007 832.38 0.0001 0.97V9 0.255 0.007 1153.56 0.0001 0.98
“ B were regression coefficients and were all significant at P<0.0001.
b Std were standard diviation of regression coefficients.
TABLE 3. Regression through origin for accumulated free 
moisture hours (AMH) to different disease variables, disease 
focus radius, diseased plants/focus, and disease incidence 





Ba Stdb F P>F 2r
Radius V2 0.0900 0.0036 643.4 0.0001 0.90
V5 0.1045 0.0040 697.3 0.0001 0.88
V9 0.1356 0.0056 581.5 0.0001 0.86
Diseased V2 0.0116 0.0005 479.9 0.0001 0.87
plants
V5 0.0132 0.0007 399.3 0.0001 0.81
V9 0.0179 0.0009 422.5 0.0001 0.82
Disease V2 0.00781 0.00047 270.9 0.0001 0.75
incidence
V5 0.00897 0.00056 255.4 0.0001 0.78
V9 0.01221 0.00061 406.4 0.0001 0.82
B were regression coefficients and were all significant 
at PC0.0001.
Std were standard diviation of regression coefficients.
TABLE 4. Correlation coefficients among different disease variable 
following inoculation with R. solani at plant growth stages (GS)
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Fig. 1. Predicted lines and means of replications for disease focus 
radius against days after inoculation at three soybean growth stages
(----- & a =V9,----- & ■ =V5,.... & • =V2) and four free moisture levels
(Moist. l=cycles of 12 h/day, Moist. 2=cycles of 24 h/day followed by 2 
days of 12 h/day, Moist. 3=cycles of 24 h/day followed by 1 day of 1'2 
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Fig. 2. Predicted lines and means of replications for number of diseased 
plants per focus against days after inoculation at three soybean growth
stages (--- — & A =V9, Sc ■ =V5,,*” *,Sc • =V2) and four free moisture
levels (Moist. l=cycles of 12 h/day, Moist. 2=cycles of 24 h/day 
followed by 2 days of 12 h/day,-Moist. 3=cycles of 24 h/day followed by 

















Fig. 3. Predicted lines and means of replications for disease incidence 
focus against days after inoculation at three soybean growth stages
(----- & A =V9,------&■ =V5,.... &• =V2) and four free moisture levels
(Moist. l=cycles of 12 h/day, Moist. 2=cycles of 24 h/day followed by 2 
days of 12 h/day, Moist. 3=cycles of 24 h/day followed by 1 day of 12 
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Fig. 4. Prediction of disease focus radius (A), diseased 
plants/focus (B), and disease incidence (C) against 
wetness duration for inoculation at soybean growth stages 
V2, V5, and V9, respectively.
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Fig. 5. Viability of aerial mycelium tip in relation to days 
after free moisture for 1987 (triangle) and 1988 (square).
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Six soybean fields with a history of Rhizoctonia foliar blight were 
subdivided into 0.75 x 0.75 m quadrats. Diseased leaves in each quadrat 
were initially counted at soybean growth stage V8-V11. At soybean 
growth stage R3, disease portion in each quadrat was assessed. 
Variance-to-mean ratios ranged from 1.963 to 3.464 for diseased
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leaves/quadrat at the first rating and from 8.720 to 21.355 for disease 
portion at the second disease rating, significantly (P<0.001) indicat­
ing that the disease distribution was aggregated. Cluster size of the 
disease was examined using paired-quadrat variance analysis. The 
cluster sizes in the fields were different. For each field, the vari­
ance curve for disease assessed from two consequent readings had 
similar trends. Correlation coefficients between the infection early in 
the season and disease portion late in the season were calculated by 
randomly sampling 35 subplots with different sizes from each field. The 
disease portion was significantly predicted with the logistic model 
using the amount of early infection as a predictor (P<0.01). The 
spatial pattern of disease influenced the development of disease. 
Incorporation of an aggregation factor, variance-to-mean ratio, into 
the logistic growth model significantly improved the prediction.
Additional key words: epidemiology, logistic growth model.
Rhizoctonia solani Kuhn causes destructive foliar diseases on 
soybean ( Glycine Max (L.) Merrill) and other leguminous crops. The 
diseases are a major production problem in many warm and humid tropical 
regions (2,14,25,26). In Louisiana, soybean yield losses of up to 30% 
from Rhizoctonia aerial blight epidemics have been reported (26).
Foliar blight caused by R. solani on leguminous crops is a disease 
with both a soilborne and leafborne nature. Rain splashed-soil contain­
ing sclerotia and mycelium fragments are reported to be sources of 
primary inoculum (12). The disease spreads by means of mycelium growing 
from leaf to leaf and plant to plant (1,15,19). The disease cannot
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expand horizontally before the canopy density reaches a certain densi­
ty. After canopy closure, the disease starts to spread vertically and 
horizontally from the lower leaves as a leafborne disease (31).
In many root and soilborne diseases, density and distribution of 
inoculum influence disease portion (7). Since soybean foliar blight has 
a soilborne nature in the early stages, the distribution pattern of 
primary infections probably depends on the distribution pattern of
soilborne inoculum. However, the spatial distribution of the causal 
agent of Rhizoctonia foliar blight is difficult to determine because 
isolating and counting propagules from soil samples is labor consuming 
(7,19). Moreover, current methods of isolating R. solani will not 
differentiate the pathogenic isolates from nonpathogenic isolates. 
Finally, no sampling procedure can truly reflect the pattern of
pathogen distribution in soil (18,23).
Alternatively, the number of early season lesions induced by R. 
solani on the host is considered a reflection of the amount of inoculum 
present (3,4,6,8). Research to evaluate spatial patterns of inoculum by 
assessing diseased tissues has been done on Rhizoctonia induced
hypocotyl rot of Phaseolus vulgaris (8) and on sorghum downy mildew 
(23). Lesions caused by R. solani on individual soybean leaves or other 
discrete plant tissues should, therefore, provide information on
inoculum distribution of Rhizoctonia foliar blight.
In a study of a foliar disease, Rouse et al. found that colonies of 
Erysiphe gramminis f. sp. tritici Marchal on wheat exhibited a negative 
binomial distribution, an aggregated distribution, (19) and suggested 
an incorporation of the distribution into a resistance model. Waggoner 
and Rich (30) reported thaf. most of 112 cases of disease distribution
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were distributed according to the negative binomial and that lesion 
distribution influences the logistic increase of plant disease. Because 
Rhizoctonia foliar blight has soilborne primary inoculum and spreads by 
interplant mycelial growth, the disease is expected to exhibit clumping 
in space, as indicated by the occurrence of distinct disease foci in a 
field (15,19,31). Smith et al. (27) found that field disease severity 
of southern blight of processing carrot was influenced by the number of 
disease foci early in the season (27). Therefore, distribution of 
lesions from primary infection may affect foliar blight development in 
the field. The relationship between number and distribution of primary 
infections to disease development should be considered when developing 
a disease prediction model. Information on this aspect, however, is not 
available.
Objectives of this study were to collect and analyze spatial data 
concerning the early and late distribution of Rhizoctonia foliar blight 
in six soybean fields in Louisiana, and to determine the influence of 
spatial pattern and amount of early infection on disease portion late 
in the season.
MATERIALS AND METHODS 
Plot establishment and data collection. Experiments were conducted 
in fields (Table 1) having a history of Rhizoctonia foliar blight of 
soybean. In 1987, two fields at the Burden Research Plantation, Baton 
Rouge, and one commercial farm at Lake Arthur, LA were selected. Fields 
at the Burden location were planted with cv 'Davis' at a row spacing 
of 75 cm. The field at Lake Arthur was planted with cv 'Hartz 7126' at 
a row spacing of 25 cm. In 1988, fields were located at the Burden
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Research Plantation, Ben Hur Research Farm, Baton Rouge, and at Lake 
Arthur. Fields in the first two locations were planted with cv 'Davis' 
at a 75 cm row spacing. 'Asgrow 6785' was planted at Lake Arthur at a 
25 cm row spacing. Planting dates ranged from May 23 to June 3 in both 
years. All cultivars were susceptible to the disease.
During soybean growth stages V3-V5, a point was randomly chosen as 
the origin of each field. From this point, a rectangular or square plot 
was established in each field. The plot size of each field was given in 
Table 1. A length of row was marked off to provide a plot baseline. 
From this base line, each single row for the 75 cm row spacing or every 
three rows for the 25 cm row spacing were defined as sampling row, and 
each sampling row was subdivided into contiguous 0.75 m segments, 
forming basic sampling quadrats of 0.75 x 0.75 m.
At soybean growth stages V8-V11 (10), immediately before canopy 
closure, diseased leaves per quadrat were counted. At soybean growth 
stage R3, disease portion in each quadrat was assessed. Assessment for 
each field was completed in 2 and 3 days for the first and second 
rating, respectively.
Spatial pattern analysis. The disease spatial pattern was examined 
using three methods: mapping according to visual disease assessment, 
calculation of variance-to-mean ratios to determine aggregation, and 
paired-quadrat variance analysis to assess cluster sizes.
The spatial data for diseased leaves and disease portion in each 
quadrat was divided into five classes, respectively (Appendix B), and 
then was mapped by a computer program (Appendix Al). The disease 
spatial patterns were visually examined (7).
Diseased leaves and estimated disease portion were combined into 11
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classes (Table 2), respectively. The mean and variance of diseased 
leaves/quadrat and of disease portion in each quadrat were calculated, 
and the Variance-to-mean ratio (Ratio) was then obtained as:
Ratio = V/M (1)
where V is the variance of each sampling, M is the estimated mean of 
the population. It has been postulated that Ratio is a measure of 
aggregation for a population (20). A null hypothesis is R equal to 1. 
If Ratio>l, the pattern is said to be aggregated. If Ratio=l, it is 
said to be random pattern. The disease is said to be uniformly distrib­
uted if RatioCl. Chi-square test was employed to determine the 
sgnificance.
Clumping size is an important spatial characteristic of biological 
populations. A paired-quadrat variance (PQV) analysis, proposed by 
Ludwig and Goodall (16), was used in this study to determine what size 
of the disease clusters in space. The method can be illustrated with a 
given series quadrats in a belt-transect as
X. , X,  X , X , X  X ,1 2  n n+1 n+2 n+m
where m is a given number of quadrats spacing between two quadrats, 
m=l,2,3,....m. (n + m) are integers representing total number of 
qaudrats in the series. The variance for a spacing of 2 quadrats can be 
calculated as
I n  „
V ---------- SUM [X. -X. . ] (2)
2(n+m-2) i=l 1 1+m
According to Ludwig and Goodall (16), the maximum pairing number and
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number of degrees of freedom equal to (n+m)/2. In our experiment, a 
modification was made. Ten sampling rows were randomly sampled from each 
plot. From each row an origin was randomly assigned from quadrats 
between first to 10th quadrat for 1988 and first to third quadrat for 
1987. Variances were calculated with spacings of 1 to 20 quadrats 
between paired quadrats. Hence, there were 10 x 20 pairings for calcu­
lating variance at pairing distance m (V ) calculated as:
1 10 20
V = ---------  SUM SUM [X. . - X.
m 2*10*20 i=l j=l 1J 1
where, X„ and are disease rating at the jth quadrat and the
(j+m)th quadrat in ith row. The value 'm' is a series of integers 
ranging from 1 to 20. Variances were then plotted against the quadrat 
spacing to examine the cluster size of disease in each field. This 
analysis was done with a computer program (Appendix A2).
Correlation between early and late disease in subplots of different 
size. The correlation between number of diseased leaves early in the 
season and disease portion late in the season was determined in sub­
plots of eight sizes. The sampling areas for these eight sets of 
subplots were 1, 2, 3, 4, 9, 16, 25, and 36 quadrats, respectively. To 
form a subplot, a random quadrat in the plot was chosen as the origin 
and adjoining quadrats were added to make subplots of various sizes. If 
the subplot of any size, or part of it, was out of the plot boundary, 
the origin was reselected. The process was continued until 35 subplots 
were completed. For the subplots containing 3 quadrats, longer sides 
were extended up and down one quadrat each along the row. For the
(j+m)J (3)
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subplots with size of two and six quadrats, in which the origin could 
not be placed at the center of subplot, longer sides were oriented 
randomly in any direction. For each subplot, the average number of
diseased leaves per quadrat was calculated by dividing diseased
leaves/subplot by quadrats/subplot. Disease incidence of the subplot 
was the mean of disease portions for quadrats contained within the 
subplot. The correlation coefficient between the amounts of disease at 
the first and second ratings was calculated for each subplot size at 
each location. The analysis was done with a computer program (Appendix 
A3).
Influence of spatial pattern and amount of early infections on 
late disease portion. To determine the influence of spatial pattern and
number of early infections on disease portion late in the season, the
multiple interest equation from Vanderplank (29) was used:
dX/dt = rX(l-X) (4)
Integrate into of equation 4 and the substitution of and Y2 gives;
Ln(X2/(l-X2)) = rt + L n ^ / U - X ^  (5)
where X^ and X2 = disease portion at t^ and t^ respectively. The 
parameter r was the apparent infection rate and t=t2_t̂ . Ln(X/(l-X)) is 
disease portion after logistic transformation (29). In this equation, 
the required assumption is that inoculum is ditributed in a Poisson 
pattern. However, inoculum is not in most case randomly distributed 
(8,9,11,17,24) and the distribution pattern of the pathogen may 
influence disease development (7,11,28,30). Therefore, the aggregation 
factor, R=V/M, should have a negative association on the increase of
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disease portion. The relationship can be written as
dX/dt = rX(l-X)/Ratio (6)
Integrate equation 6 and substitute and Y2 to get:
Ln(X2/(l-X2)) = rt/Ratio + L n ^ / d - X ^ (7)
where r/Ratio in rt/Ratio is the apparent infection rate corrected for 
the aggregation factor Ratio. To calculate the relationship expressed 
by equation 5, simple linear regression can be applied using 
Ln(X2/(l-X2)) as dependent variable and Ln(X^/(l-X^)) as independent 
variable. The (intercept of regression) was the "rt". For equation 
7, a multiple regression using l/Ratio and Ln(X^/(l-X^)) as independent 
variables was employed. The "rt" would have a relationship with aggre­
gation factor 'Ratio' and partial regression coefficients, Bq and B̂ , 
as (BQ+B^/Ratio) or (BgRatio+B^)/Ratio. Therefore, X2 was a function of 
the aggregation factor Ratio.
To obtain a set of X^, X2> and Ratio to test the above hypothesis, 
each plot was divided into subplots of 10 x 10 quadrats. The number of 
subplots in a plot ranged from 12 to 20 depending on the size of the 
plot. Within a plot, the number of diseased leaves and Ratio (V/M) at 
the first disease rating would be different among subplots if the 
pathogen distribution was aggregated. The ambient effect for disease 
development is homogenous among the subplots if the planting is uniform 
in the plot. For a given subplot, disease portion late in the season 
(X2) would be determined by the amount of early infection (X^) and the
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degree of disease aggregation (Ratio). Therefore, the subplots in a 
plot can be considered as a set of samples to examine the effect of the 
spatial pattern and amount of early infection on disease portion late 
in the season.
The disease incidence was calculated for each subplot by dividing
diseased leaves/subplot by estimated total leaves/subplot. of each
subplot was calculated by taking the mean of 100 quadrats. A computer
program was written for splitting the plot and calculating Ratio, X̂ ,
and X^ for each subplot (see appendix A4). Regression was done by
individual plot using the SAS package (22). The results of regression
2were examined for aptness using r , P>F, and residual plots.
RESULTS
The frequency of diseased leaves/quadrat- and disease portion/quadrat 
in each field is given in Table 2. In 1987, for the plots at Lake 
Arthur, Burden field A, and Burden field B, means of diseased 
leaves/quadrat at the first rating were 1.71, 1.09, and 1.17. Average 
disease portions at the second rating were 17.67, 17.53, and 25.11, 
respectively. In 1988, for the plots at Lake Arthur, Ben Hur, and 
Burden, means of diseased leaves/quadrat at the first rating were 0.50, 
1.10, and 0.36 and disease portions at second rating were 26.5, 38.59, 
and 26.95, respectively.
Spatial pattern of disease. The disease maps show similarities in 
disease distribution between two consecutive readings (Appendix B). For 
example, for the map at the plot of Lake Arthur in 1987 (Appendix 
B-Al), the first rating illustrated two major disease areas in the 
upper part of the plot, indicated by darker spots. The two spots
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develops into a clumping area with higher disease portion at the second 
rating (Appendix B-A2). The map from the first rating of Burden field A 
in 1987 showed four heavily diseased spots in the upper right hand 
corner, the center of the plot, to the right of the center, and lower 
part of the plot (Appendix B-Bl). These spots developed into severely 
infected areas later in the season (Appendix B-B2). For the Ben Hur 
field in 1988, the right side of the plot having fewer diseased leaves 
at
the first rating had less disease portion at the second rating. On the 
lower left zone of the plot, the high number of diseased leaves was 
followed by severe disease portion later in the season.
The variance-to-mean ratio of diseased leaves/quadrat and disease 
portion/quadrat were calculated for each field (Table 3). The null 
hypothesis that the variance-to-mean ratio is equal to one (V/M=l) was 
rejected in all plots with P<0.0001, indicating that the disease was 
aggregated.
According to Ludwing and Goodall (16), cluster sizes of an organism 
are indicated by the peaks of variances plotted against quadrat spac­
ing. For Burden field A in 1987, variance for diseased leaves increased 
dramatically from quadrat spacing one to two (Fig. 1). This indicates 
the first order of clumping 'of diseased leaves was one quadrat. A 
second cluster size was indicated by a peak at quadrat spacing 
eight-nine. For the plot at Lake Arthur in 1987, a peak occurred also 
at quadrat spacing eight. In Burden field B, the variance of diseased 
leaves increased from quadrat spacing one to two, indicating the first 
order cluster size was one quadrat. In 1988, at Lake Arthur, the 
oscillation period was short. The pattern appeared relatively irregular
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for clumping higher than two quadrat spacing. A first clumping order 
was at one quadrat spacing for both sampling times. For diseased leaves 
at Ben Hur, peaks appeared at quadrat spacing 4, 8, 13, and 17.
The second ratings had PQV patterns similar to those of the first 
ratings. The similarity of PQV patterns was greater from the data of 
1987 than of 1988.
Effect of subplot size on the correlation between early and late 
disease. Correlation coefficients between the two sampling times 
increased as the subplot size increased (Table 4). Except for the plots 
in 1987 at Lake Arthur, no significant correlation was found with the 
subplot size of one quadrat. In 1987, the relationship between the two 
sampling times reached significant levels when the subplot size was 
greater or equal to two quadrats. The values of correlation coeffi­
cients between disease ratings in 1988 were not as great as those of 
1987.
Influence of spatial pattern and amount of early infection on late 
disease portion. The disease portion late in the season was signif­
icantly predicted using the Vanderplank logistic equation (equation 5). 
The values of determination coefficients (r ) ranging from 0.310 to
0.720 with P>F from 0.0108 to 0.0001 (Table 5). (intercept of
regression), representing the "rt" in equation 5, ranged from 0.3768 to 
1.2508. The corrected logistic equation, equation 7, fit the data 
better than with the Poisson distribution assumption. The values of 
determination coefficients (R ) for plots at Lake Arthur in 1987, Ben 
Hur and Burden in 1988 were improved (Table 5). The partial regression 
coefficient (B^) of equation 7 was significant in all plots, indicating 
the influence of disease spatial pattern on disease development.
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DISCUSSION
Rhizoctonia foliar blight in Louisiana is caused by R. solani AG-1 
(19,32). Different strains of R. solani present in soil may confuse and 
cloud the results of assessment of soil inoculum (3). To isolate and 
differentiate a pathogenic strain of a nonpathogenic strain is time 
consuming. Strandberg (28), as well as Campbell and Pennypacker (8), 
indicated that it is reasonable to assess spatial distribution using 
infected plants or tissues rather than using the pathogen propogule 
itself. Most epidemiological studies are based on a similar assumption 
that lesions, disease damage, or diseased plants give an estimation of 
the localized pathogen population (28). In these experiments, aggregat­
ed distribution of diseased leaves assessed before disease focus 
expansion (31) indicated that distribution of Rhizoctonia foliar blight 
inoculum in the soil was not randomly distributed.
Disease spatial patterns assessed at the second disease rating may 
not reflect the distribution pattern of soil inoculum as well as the 
first rating because of the occurrence of secondary infections. Howev­
er, if the second rating reflected the disease distribution. Informa­
tion obtained from the second rating is important when considering 
disease sampling, resistance screening, and fungicide trials.
Paired-quadrat variance (PQV) analysis has several advantages when 
compared to other hierarchical analysis of variance (7,18,23). The 
ability to detect small scale clumping of PQV has been demonstrated to 
be better than some other techniques (13,16). In this study, a cluster 
size of 1 or 2 quadrats was detected, which coincides with the observa­
tion that the radius of Rhizoctonia foliar blight foci often had a 
diameter of 1 to 2 meters (Yang et al. unpublished). Another advantage
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of PQV, is that a distribution pattern can be readily assessed with 
only one to several transections across the field instead of by screen­
ing the entire field (16).
The PQV analysis has demonstrated the capacity to illustrate the 
analog of spatial patterns assessed from two sampling times. For 
example, for Lake Arthur in 1987, the early and late maps showed a some 
similarity in disease patch. The PQV curve quantitatively illustrated 
the similarity of cluster size for the two distributions, especially 
for the large scale. The significant correlation between early infec­
tion and late disease portion (Table 5) gives further supported to the 
analog.
The correlation between the two sampling times may be determined by 
the soilborne nature and limited of dispersal of the pathogen. The 
smoothness of curves of the second rating suggests that the ability of 
the mycelium pathogen to spread was not limited to one quadrat spacing. 
However, the similarity of the oscillation periods on a longer scale 
between two samplings points to the small scale dispersal of the 
pathogen in a given season.
Waggoner and Rich (30) incorporated the aggregation effect both in 
the multiple infection transformation and the logistic growth model 
using the negative binomial distribution (30). Validation of the first 
incorporation has been experimentally demonstrated by Ferrrin and 
Mitchell for tobacco black shank disease (11), caused by a soilborne 
pathogen. However, we could not find reference to field data of the 
second model. The reason may be the complexity of the model's differen­
tial equation. Our equation provides a simple approach to detect the 
effect of lesion spatial pattern on logistic growth. The spatial
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pattern and the number of early infections explained a maximum of 75% 
variation of the late disease portion, as indicated by R values (Table 
5). The portion of variation which could not be explained by the model 
may have come from three sources. The primary infection occurring after 
the first rating would affect disease progress, especially to these oc­
curred in quadrats free of disease. Another variation may come from the 
nature of the pathogen, such as low autocorrelation within disease 
progress (31). Furthermore, like every spatial analysis using hierarchy 
variance, the V/M ratio is also a quadrat-size-dependent index (18,20) 
and this may affect the efficiency of aggregation correction.
Rhizoctonia foliar blight is a type of disease which has primary 
infection caused by soilborne inoculum and then spreads through means 
of interplant mycelial growth. It has, therefore, highly cluster 
nature. Difficulty in quantifying this type of disease has been noted 
(27). The significant correlation between early infection and disease 
portion late in the season suggests the possibility of using early 
infection to forecast disease development.
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Table 1. Cultivar, planting date, row spacing, plot size, and rating 






GS^ at rating 
Cultivar Planting date 1st 2nd
1987
Lake Arthur 40 X 43 25 cm Hartz
7126
May 25, 1987 V9 R3
Burden A 42 X 44 75 cm Davis May 30, 1987 V19 R3
Burden B 35 X 49 75 cm Davis June 3, 1987 V10 R3
1988
Lake Arthur 40 X 50 25 cm Asgrow
6785
June 2, 1988 V8 R3
Ben Hur 40 X 50 75 cm Davis May 23, 1988 VI1 R3
Burden 40 X 50 75 cm Davis June 1, 1988 Vll R3
In number of quadrats of 0.75 X 0.75 m.
Soybean growth stage on Fehr's scale.
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Table 2. Numbers of quadrats belonging to 10 classes of number of 
diseased leaves or disease portion per quadrat in six soybean fields 













0 560 1163 928 1502 1095 1679
1 371 183 183 257 291 134
2 331 196 263 118 254 96
3 208 130 193 66 175 45
4 113 86 83 26 101 20
5 73 23 38 12 54 9
6 23 13 12 5 23 5
7 15 5 6 6 2 3
8 14 14 4 0 2 4
9 1 4 1 1 0 1
>10 11 31 5 7 3 4
Average 1.71 1.08 1.17 0.50 1.10 0.36
Disease incidence
0 234 721 173 149 20 305
1-10% 792 339 512 409 156 283
11-20% 267 178 227 427 339 393
21-30% 164 210 264 413 355 357
31-40% 170 214 295 328 466 311
41-50% 48 105 139 176 304 180
51-60% 23 44 70 79 188 110
61-70% 15 30 26 19 98 43
71-80% 5 6 9 0 48 17
81-90% 2 2 0 0 24 1
91-100% 0 0 0 0 2 0
Average 17.67 17.53 25.11 26.51 38.59 26.95
N 1720 1848 1715 2000 2000 2000
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Table 3. Variance-to-mean ratio (V/M) analysis for number of diseased 
leaves/quadrat and disease portion of soybean Rhizoctonia solani in six 
fields in Louisiana
Year and Location V/M Chi-square 2P>X
Diseased leaves/quadrat
1987 Lake Arthur 1.963 3374.4 <0.001
1987 Burden A 3.492 6449.7 <0.001
1987 Burden B 2.209 3786.2 <0.001
1988 Lake Arthur 2.771 5539.2 <0.001
1988 Ben Hur 3.167 6330.8 <0.001
1988 Burden 2.182 4361.8 <0.001
Disease incidence
1987 Lake Arthur 12.^36 22237.0 <0.001
1987 Burden A 21.231 39213.6 <0.001
1987 Burden B 12.873 22064.3 <0.001
1988 Lake Arthur 9.822 19634.2 <0.001
1988 Ben Hur 13.458 26902.5 <0.001
1988 Burden 8.720 17432.8 <0.001
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Table 4 . Correlation coefficients between disease portions of 
Rhizoctonia foliar blight rated at soybean growth stages V8-11 and R3 
with different pairing of quadrat sizes in six fields in Louisiana 




1 2 3 4 9 16 25 36
1987
Lake Arthur .374 .581 .597 .691 .688 .692 .676 .944
Burden field A .294 .506 .709 .292 .501 .529 ,.499 .561
Burden field B .242 .337 .449 .436 .525 .369 .254 .745
1988
Lake Arthur .175 .036 .008 .318 .278 .377 .439 .681
Ben Hur .115 .060 .036 .235 .383 .232 .128 .808
Burden .277 .281 .367 .270 .313 .467 .455 .572
t
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Table 5. Summary of statistics from logistic disease increase model 
[Ln(X„/(l-X„))=rt+Ln(X../(l-X. ))] and modified logistic growth model 
[LnCX^/d-X^^^rt/Ratio+LnCX. /(1-X.. ))]a predicting of late soybean 





1987 Lake Arthur 0.9310* 0.6014** 0.456 11.753 0.0041
1987 Burden A 3.9262** 1.1492*** 0.720 36.032 0.0001
1987 Burden B 4.4747** 1.2508** 0.561 12.790 0.0050
1988 Lake Arthur 1.1184** 0.4043** 0.329 8.813 0.0082
1988 Ben Hur 1.2816** 0.3959*** 0.547 21.742 0.0002




1987 Lake Arthur 1.5532* 0.8988* 0.6199*** 0.625 10.384 0.0020
1987 Burden A 4.6065*** 1.2762** 1.3620*** 0.750 19.463 0.0001
1987 Burden B 4.1792 0.3664** 1.1679* 0.565 5.844 0.0236
1988 Lake Arthur 1.4494*** 0.3095* 0.4843** 0.351 8.813 0.0082
1988 Ben Hur 2.1006*** 1.2389** 0.4250*** 0.698 19.631 0.0001
1988 Burden 2.6790** 1.8296** 0.7355** 0.551 10.420 0.0011
a Ratio equals V/M.
Significant at P<0.05 level. 
Significant at P<0.01 level.




























0 5 1 0 1 5 20
Quadrat spacing
Fig. 1. Variance patterns for disease data obtained from fields at Lake 
Arthur, Burden field A, and Burden field B in 1988. Solid and dashed 
lines were for first and second ratings, respectively. Clumping sizes 
are indicated by the peaks of the variance curves.
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F ig .  2 . Variance patterns for disease data obtained from fields at Lake 
Arthur, Ben Hur, and Burden in 1988. Solid and dashed lines were for 
first and second ratings, respectively. Clumping sizes are indicated by 
the peaks of the variance curves.
APPENDIX A
Computer programs
APPENDIX Al: Program for disease mapping.
APPENDIX A2: Program for paired-quadrat variance analysis.
APPENDIX A3: Program for calculation of correlation coefficients 
between two consecutive disease readings.
APPENDIX AA: Program for splitting plots and calculating early 
infection amount and disease incidence late in the 
season of each subplot.
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APPENDIX A1
10001 REM PROGRAM TO MAP THE DISEASE INCIDENCE DISTRIBUTION IN 
FIELD.
10002 FOR T=1 TO 9
10003 LPRINT
10004 NEXT T
10005 PRINT "INPUT ARRAY OF THE FIELD, X AND Y"
10010 PRINT "row number is ";
10015 INPUT X
10020 PRINT "section number is";
10025 INPUT Y
10027 PRINT "time of reading"
10028 INPUT TIME 
10030 DIM SIT1(X,Y)
10032 PRINT "INPUT STARTING POINT FOR ROW, SP="
10033 INPUT SP 
10035 FOR 1=1 TO X




10060 IF TIME =2 THEN 10080 
10070 GOSUB 11000
10075 GOTO 10250
10080 GOSUB 12000 
10250 END
11000 REM “ * * * * - - * “ * * * * * * * * * * ■< * PROCEDURE 1 ******************
11010 REM FOLLOWING IS FOR THE FIRST READING
11050 LPRINT TAB(SP);CHR$(218);




11060 FOR 1=1 TO X
11062 LPRINT TAB(SP);CHR$(179);
11065 FOR J=1 TO Y
11070 IF SIT1(I,J) >1 THEN 11080
11075 GOTO 11200
11080 IF SIT1(I,J)=>3 THEN 11090
11085 LPRINT TAB(SP+J);CHR$(176);
11087 GOTO 11200
11090 IF SIT1(I,J)>4 THEN 11100
11095 LPRINT TAB(SP+J);CHR$(177);
11097 GOTO 11200




















11230 PRINT TAB(14);"DISTRIBUTION OF WEB BLIGHT IN A FIELD OF";X; 
"BY";Y;" METERS"
11232 PRINT TAB(15);": No diseased leaf"
11233 PRINT TAB(14);CHR$(176);": 1-2 diseased leaves"
11234 PRINT TAB(14);CHR$(177);": 3-4 diseased leaves"
11235 PRINT TAB(14);CHR$(178);": 5 diseased leaves"
11236 PRINT TAB(14);CHR$(219');": > 6 diseased leaves"
11250 RETURN
12000 REM **************** PROCEDURE 2 *********************
12010 REM FOLLOWING IS FOR SECOND READING 
12050 LPRINT TAB(SP);CHR$(218);




12060 FOR 1=1 TO X
12062 LPRINT TAB(SP);CHR$(179);
12065 FOR J=1 TO Y
12070 IF SIT1(I,J) >10 THEN 12080
12075 GOTO 12200
12080 IF SIT1(I,J)>30 THEN 12090
12085 LPRINT TAB(SP+J);CHR$(176);
12087 GOTO 12200
12090 IF SIT1(I,J)=>45 THEN 12100
12095 LPRINT TAB(SP+J);CHR$(177);
12097 GOTO 12200


















12230 PRINT TAB(14);"DISTRIBUTION OF WEB BLIGHT IN A FIELD OF' 
"BY ";Y;" METERS"
12232 PRINT TAB(15);": No diseased leaf"
12233 PRINT TAB(14);CHR$(176);": 5-15 disease incidence"
12234 PRINT TAB(14);CHR$(177);": 15-35 disease incidence"
12235 PRINT TAB(14);CHR$(178);": 35-50% disease incidence"




10000 REM THIS IS TO CALCULATE PAIRED-QUADRAT VARIANCE FOR 
DIFFERENT QUADRAT SPACING 
10005 PRINT" INPUT THE NUMBER OF ROW AND SECTION"
10010 PRINT "NUMBER OF ROW"
10015 INPUT ROW
10020 PRINT "NUMBER OF SECTION"
10025 INPUT SECT
10030 DIM DIS(ROW,SECT), VAR(20), USED(20)
10035 GOSUB 10100 
10040 GOSUB 11000 
10045 GOSUB 12000 
10050 GOSUB 13000
10099 END
10100 REM SUBROUTINE FOR INPUT PARAMETERS
10105 PRINT " HOW MANY row DO YOU WANT TO SAMPLE, each row will be 
20 pairs"
10110 INPUT SIZE
10115 PRINT "INPUT THE SEED FOR RANDOMIZATION"
10120 INPUT SEED 
10199 RETURN
11000 REM SUBPROCEDURE OF THE DATA INPUT 
11040 FOR 1=1 TO ROW 
11045 FOR J=1 TO SECT 
11050 READ DIS(l,J)
11055 NEXT J 
11060 NEXT I 
11090 RETURN
12000 REM SUBROUTINE FOR THE VARIANCE CALCULATION
12002 FOR D=1 TO 20
12003 VAR(D)=0
12004 NEXT D




12120 IF (NUM>0) AND (NUM<=ROW) THEN 12125
12122 GOTO 12170
12125 FOR TT=1 TO T
12130 IF NUMOUSED(TT) THEN 12140
12135 USE=1
12140 NEXT TT














12200 REM SUB FOR SUM OF SQUARE FOR VARIANCE OF DIFFERENT SPACING 
12210 FOR S=1 TO 20
12220 FOR D=1 TO 20
12230 VAR(D)=((DIS(NUM,S)-DIS(NUM,S+D))‘2)/2+ VAR(D)
12240 NEXT D
12250 NEXT S 
12299 RETURN
13000 REM SUBPROCEDURE OF THE OUTPUT 
13010 LPRINT 
13120 LPRINT
13130 PRINT "FOLLOWING IS THE OUTPUT"
13140 LPRINT 
13150 PRINT 
13160 FOR D=1 TO 20
13170 LPRINT D;VAR(D);TAB(10+10*VAR(D));"*"
13180 NEXT D 
13199 RETURN
APPENDIX A3
10000 REM THIS PROGRAM IS TO CALCULATE CORRELATION COEFFICIENTS 
BETWEEN TWO DISEASE READINGS. N QUADRATS WILL BE SAMPLED 
WITH A SERISE OF QUADRAT SIZES. A R MATRIX WILL BE PRINTED 
10005 PRINT" INPUT THE NUMBER OF ROW AND SECTION"
10010 PRINT "NUMBER OF ROW"
10015 INPUT ROW
10020 PRINT "NUMBER OF SECTION"
10025 INPUT SECT
10030 DIM DIS1(ROW,SECT), DIS2(ROW,SECT)
10031 DIM QUADA(36,50), QUADB(36,50), RMATRIX(10,10)
10035 GOSUB 10100
10040 GOSUB 11000 
10050 GOSUB 12000 
10060 GOSUB 13000
10099 END
10100 REM SUBROUTINE FOR INPUT PARAMETERS
10105 PRINT " HOW MANY PLOT DO YOU WANT TO SAMPLE"
10110 INPUT SIZE
10115 PRINT "INPUT THE SEED FOR RANDOMIZATION"
10120 INPUT SEED 
10199 RETURN
11000 REM SUB PROCEDURE OF THE DATA INPUT 
11040 FOR 1=1 TO ROW 
,11045 FOR J=1 TO SECT 
11050 READ DIS1(I,J)
11055 NEXT J
11060 NEXT I 
11065 FOR 1=1 TO ROW 
11070 FOR J=1 TO SECT 
11075 READ DIS2(l,J)
11080 NEXT J
11085 NEXT I 
11090 RETURN
12000 REM SUBPROCEDURE FOR RANDOMLY SAMPLING FROM THE FIELD 




























12123 FOR T=R-3 TO R+2
12124 FOR K=S-3 TO S+2
12125 QUADA(8,l)=QUADA(8,l)+DISl(T,K)/36










12147 FOR T=R-1 TO R+l









12160 FOR T=R-2 TO R+l 









12184 FOR T=R-2 TO R+2 








13000 REM THIS PEOCEDURE IS FOR THE REGRESSION 
13040 GOSUB 13100 
13050 GOSUB 13200
13099 RETURN
13100 REM SUBROUTIN FOR THE REGREESION
13101 FOR SIZE1=1 TO 8
13102 FOR SIZE2=SIZE1 TO 8
13103 SUMQUADA=0
13104 SUMQUADB=0
13105 FOR 1=1 TO SIZE
13110 SUMQUADA=QUADA(SIZE1,I) + SUMQUADA







13135 FOR 1=1 TO SIZE
13140 SSQUADA=SSQUADA + (QUADA(SIZE1,1)-MEANQUADA)~ 2
13145 SSQUADB=SSQUADB + (QUADB(SIZE2,I)-MEANQUADB)''2









13200 REM the subroutine for output the r matrix 
13210 FOR SIZE1 =1 TO 8





13260 NEXT SIZE1 
13299 RETURN
APPENDIX A4
10000 REM THIS PROGRAM IS TO CALCULATE THE REGRESSION OF 2ND LATE 
SEASON DISEASE TO INITIAL DISEASE AND DISTRIBUTE PATTERN. 
PLOT WILL BE DIVIDED INTO SUBPLOTS OF 10 X 10 QUADRATS 
WITH N=20, 16, OR 12 DEPENDING ON SIZE OF THE PLOT.
10030 GOSUB 10100 
10035 GOSUB 11000 
10050 GOSUB 12000 
10060 GOSUB 13000 
10065 GOSUB 14000 
10070 GOSUB 15000
10099 END
10100 REM ******************** PROCEDURE 1 * * ** * * * * * * it rt * ft ft ft ft ft ft ft ft ft
10101 REM
10102 REM PROCEDURE FOR INPUT PARAMETERS
10105 PRINT"PLEASE CHECH THE ORDER OF THE READING INPUT"
10106 PRINT
10110 PRINT "NUMBER OF ROW1"
10115 INPUT ROW1
10117 PRINT "NUMBER OF SECTION 1"
10118 INPUT SECT1
10120 PRINT"INPUT THE NUMBER OF ROW AND SECTION IN THE 2ND 
READING"
10121 PRINT "NUMBER OF ROW2"
10122 INPUT ROW2
10123 PRINT "NUMBER OF SECTION 2"
10125 INPUT SECT2
10130 DIM DIS1(40,50), DIS2(40,50)
10131 DIM QUADA(12,20), QUADB(20), RMATRIX(IO)
10135 PRINT "INPUT PLOTS GOING TO HAVE, 20=4 X 5, 16=4 X 4, OR 
12=3 X 4"
10140 INPUT PLOTS












10180 DIM PLOT1(PLOTS,PROW,PSECT), PLOT2(PLOTS,PROW,PSECT), 
SEVERITY(PLOTS)
10189 PRINT "SPLITR, SPLITS",SPLITR,SPLITS 
10199 RETURN




11002 REM SUB PROCEDURE OF THE DATA INPUT
11040 FOR 1=1 TO ROW1




11065 FOR 1=1 TO ROW2





12000 REM -,'c >V -.'c * * jV -,V -,’t  * is it * * * is is is is PROCEDURE 3 ***********************
12001 REM
12002 REM PROCEDURE FOR ASSESSING DISEASE IN EACH SUBPLOT.
12108 P = 0
12110 FOR 1=1 TO SPLITR
12115 FOR J=1 TO SPLITS
12118 P = P+l
12120 FOR R=1 TO PROW








13000 REM ******************** PROCEDURE 4 ***********************
13001 REM
13005 DIM DLEAF(PLOTS), SS(PLOTS)
13100 REM PROCEDURE FOR ASSESSING THE FINAL DISEASE IN EACH PLOT,
AND TO CALCULATE THE V/M OF EACH PLOT.
13110 FOR P=1 TO SPLITR--SPLITS
13115 SEVERITY(P)= 0
13117 DLEAF(P)=0
13120 FOR R=1 TO PROW
13125 FOR S=1 TO PSECT
13130 SEVERITY(P ) = SEVERITY(P) + PLOT2(P,R,S)






13160 FOR P=1 TO PLOTS
13165 FOR R=1 TO PROW





13183 RATIO = SS(P)/DLEAF(P)
13185 LPRINT"PLOT";P,"V/M=";RATIO,"Diseased leaf= ";DLEAF(P)*100
13190 NEXT P
13199 RETURN
14000 REM * * 5 'n V * * 5 ,« r t * jV * * * 5 V * * * * * 5 'c  PROCEDURE 5 ***********************
14001 REM
14002 REM PROCEDURE FOR CALCULATE FRQUENCY OF DISEASE FOR EACH PLOT
14003 DIM SIT1 ( PROW, PSECT ), DIS (11), FREQ1 (11, PLOTS ), FREQ2 (11, PLOTS )
14004 FOR T=1 TO 2







14015 REM PROCEDURE 5 -- SUB 1 **************
14016 REM
14017 REM SUBPROCEDURE FOR EXCHANGE THE QUADRAT VALUE BY EACH PLOT
14020 IF T=2 THEN 14035
14022 FOR 1=1 TO PROW





14035 FOR 1=1 TO PROW





14060 REM ************ PROCEDURE 5 -- SUB 2 **************
14062 REM
14064 FOR 1=1 TO PROW
14065 FOR J=1 TO PSECT
14070 IF SIT1(I,J)>0 THEN 14080
14075 DIS(0)=DIS(0)+1
14077 GOTO 14200
14080 IF SIT1(I,J) >1 THEN 14090
14085 DIS(1)=DIS(1)+l
14087 GOTO 14200
14090 IF SIT1(I,J)>2 THEN 14100
14095 DIS(2)=DIS(2)+1
14097 GOTO 14200
14100 IF SIT1(I,J)>3 THEN 14110
14105 DIS(3)=DIS(3)+1
14107 GOTO 14200




14120 IF SIT1(I,J)>5 THEN 14130
14125 DIS(5)=DIS(5)+1
14127 GOTO 14200
14130 IF SIT1(I,J)>6 THEN 14140
14135 DIS(6)=DIS(6)+1
14137 GOTO 14200
14140 IF SIT1(I,J)>7 THEN 14150
14145 DIS(7)=DIS(7)+1
14147 GOTO 14200
14150 IF SIT1(I,J)>8 THEN 14160
14155 DIS(8)=DIS(8)+1
14157 . GOTO 14200







14300 REM ************ PROCEDURE 5 -- SUB 3 **************
14301 REM
14303 REM SUBROUTINE FOR EXCHANGE FREQUENCY 
14305 IF T=2 THEN 14350 





14350 FOR F=0 TO 10
14355 FREQ2(F,P)=DIS(F)
14360 DIS(F)=0
14370 NEXT F 
14399 RETURN
15000 REM ******************** PROCEDURE 6 ******************-1
15001 REM
15002 REM PROCEDURE FOR REGRESSION 
15010 GOSUB 15030
15015 GOSUB 15100 
15020 GOSUB 15200
15029 RETURN
15030 REM ************ PROCEDURE 6 -- SUB 1 **************
15031 REM
15032 REM PROCEDURE FOR CALCULATE THE X-Y 
15035 FOR P=1 TO SPLITS*SPLITR
15040 QUADB(P)=SEVERITY(P)
15041 FOR F=ll TO 1 STEP -1




15053 REM P WILL BE REPRESENTED BY I AS VARIABLE 
15055 REM SIZE1 AND SIZE2=NUMBER OF FREQUENCY
15099 RETURN
15100 REM ''" "';" " " *'" PROCEDURE 6 —  SUB 2 **************
15101 FOR SIZE1=1 TO 10
15103 SUMQUADA=0
15104 SUMQUADB=0
15105 FOR 1=1 TO SIZE
15110 SUMQUADA=QUADA(SIZE1,I) + SUMQUADA







15135 FOR 1=1 TO SIZE
15140 SSQUADA=SSQUADA + (QUADA(SIZE1,I)-MEANQUADA)'2
15145 SSQUADB=SSQUADB + (QUADB(I)-MEANQUADB)* 2
15147 TEMP=(QUADA(SIZE1,I)-MEANQUADA)*(QUADB(I)-MEANQUADB)
15148 SSCORR=SSCORR + TEMP 
15150 NEXT I





15200 REM ************ PROCEDURE 6 -- SUB 3 **************
15202 REM THE SUBROUTINE FOR OUTPUT THE R MARIX
15210 FOR SIZE1 = 1 TO 10
15230 LPRINT TAB(SIZE1*8);RMATRIX(SIZE1)




A1 ......... Lake Arthur first reading 1987
A2 ......... Lake Arthur second reading 1987
B1 ......... Burden field A first reading 1987
B2 ......... Burden field A second reading 1987
Cl ......... Burden field B first reading 1987
C2 ......... Burden field B second reading 1987
D1 ......... Lake Arthur first reading 1988
D2 ......... Lake Arthur second reading 1988
El ......... Ben Hur first reading 1988
E2 ......... Ben Hur second reading 1988
FI ......... Burden first reading 1988
F2 ......... Burden second reading 1988
Classes for maps of first rating
: 0-1 diseased leaf per quadrat, 
jijjji : 2 disease leaves per quadrat.
!:i§ : 3-4 diseased leaves per quadrat.
: 5 diseased leaves per quadrat.
IS : more than five diseased leaves per quadrat.luilWMi
Classes for maps of second rating
: 0-10% disease incidence in a quadrat.
:I : 11-30% disease incidence in a quadrat.
: 31-44% disease incidence in a quadrat,
j;;:: : 45-59% disease incidence in a quadrat.
!§Iji : greater than 60% disease incidence in a quadrat.
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Al: Disease map at soybean growth stage V9
at Lake Arthur, 1987.
73
A2: Disease map at soybean growth stage R3
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Bl: Disease map at soybean growth stage V10 
at Burden field A, 1987.
D0B
B2: Disease map at soybean growth stage R3 
at Burden field A, 1987.
Cl: Disease map at soybean growth stage V10
at Burden field B, 1987.
ijli'Fr.
C2: Disease map at soybean growth stage R3
at Burden field B, 1987.
iliMlll!!!!!'!!:
Dl: Disease map at soybean growth stage V8




D2: Disease map at soybean growth stage R3
at Lake Arthur, 1988.
^
El: Disease map at soybean growth stage VI1
at Ben Hur, 1988.
Disease map at soybean growth stage R3 
at Ben Hur, 1988.
FI: Disease map at soybean growth stage VI1
at Burden, 1988.
M
F2: Disease map at soybean growth stage R3
at Burden, 1988.
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